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Bi PURPOSE- O THE~ SMOZT

'0 S

4

Objectively,. the Sttud was in pMart- a gmeraLed investigation of the basic
problems of developing 4& utising comnptote Hydrokact- weapon s-astems.
ts priOCiPle object, how,ý'ver, we& examination of the missile itself, its per-

fogiumce and ballistie-behavior, and investigation of certain hydrodynamic- S
aspects ad the ballistics-problems.. The efects of cross currents and tip-aft
were of pe•tiaUr interest beamse it was thought-possible that a serious dg,.
gre atlas at perfomamee migklitb caused~ therebyl, and since oumch effects
wore DAn ezMIpuenced undeUede test conditions an analytical inves..
tigation was desire&

While the principeo emphasis at the study was ptaed on the performance
of Ue UASiU itsel, .an effort was made to examine the-over-all aspects of-
complte weapon systems and certaia operatdenal problefts involved. This-
PWtion CC t stady was Umilted in extent and sought only to investigate some-
01the f*0 ametldOM problems and basic consideration. It should be pointed!.
c ut that the, tdly was net Intende to be an "1valuation- of the Hlydroduct
nor Ma attempt to pro"e or disprove the feasibtlity of any appUcation. It was
notk 61 suMIOA scope or extent for &a& pupo..es. While the results clearly
Pertain to the q9tatioms of feasibility and may be helpful in appraising the
weapnM's Potential worth, it should be apparent that considerable appended,

Seffort would be reqw~*ed before an evalua.ica- olthe- ffectivenes o* ompf te' •
HVdro*ACt weapon systems could be mtde.
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C. RESUME OF-STUDY AC)TIVU'

Work canmenoed -in April .195) with a general ex~amination of the Nydrb'.
duct missile, wAn a roview afits development history, The period from:
April to July was spent primarily in general -study of reference inaterlal~ar
definition of problems associated with use of such & weapqu. During July.-
visits were made to a nwwber ot agencies, both govermment and prinate* forp,
discussions af problems associted with the -Hydroduct and its possible 4Appe-w
cations. Thee. visits Inluded the following:

Buses- at Ordnance Offie of Naval Research
EtluatiM an&- Analysis Oromp Armamnent Branch

Washmgtt. 0 C.Washington, Di C.

bar*&* at Ordnances Orinanse Research Laboratory
UndrwaerOrdnance Fire Central. Pennsylvania Stae College

WashUngton, D. C. Sate College4 Pennsylmaia

mares at aips- Naval Ordnance Test Statlo a
saubarime Sonar Design stction Thompson Laboratories

W asbst'! 0P. 0 Pwasadna,ý Califoria

* (3Culuossi Intiftte, of-Tebmaaaoty Naval Research Laboratory
4ecial Device.-Sectte
Wnh1zigýn, Do. C.

Cav$4 TaYlor- MSl Basin!
Washbaglat, 0. C. Stevns Insttute of Technology

Oftee ta am" of Natal Operatifts'
.Waahugta* . 0. a flmnne -DeNelo0ment Gromp a,--

now Loadons Connecticut
OMcc of Chief of Naoal Opevatie'
Oflratas E9valuation Group-. Uw6r Navy Underwater Souind Lab. -

* W~hlgta, D0. c. 315W Landon, Connecticut

The pwpss.t Itees visisWas .-bto MMrata dota, and referee.w

Clflasnttioe of sonar an oet gear aesiotatit wit target
dte -traci, ANd-Ab canwars

PW*6baresteriutf cc and peinecparttfttitrly maseuvwra-

_ )15q- ato 94
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4 '9@

Vulnerability of submsrines and-sible surf•ce vessel targets.
I

Tactical situations in pro- ad-in which
short range, high speed, ungzidS missiles oahhl.Hydtoduct
type might. prove to be an effective weapon

Chsracteristics, capabilities, Ad-limtatn oftOepedos and
other underwater weapons.

Pfssible "seonudary" uses of Hydtvodat-seUm.each -as anti-
submarine use, ha -bor. defense., .SOd-

Mach of tho information sought wa s intend6d as backgroumd material tO -

assist in futhe:r definition at Hydroduct•systam problems. The comments,
opinions, and suggestion of personnel contscted were Yey helpftl and a
considerable amount of reference materi was reeanede4 which thea
Office.of Naval Research thereafter sought-to obtin. t.e use.
Altough time and availability did not permit receipt of &lU materil recoin-
mandE, a considerable amount was obtained and rfeweelto the extent per--
mifted by the time remaining.

II
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SEC-RE
D. SUMMARY,

The examination undertaken -in this study of 4he hydrodynsamic and hallite.
tic properties of the Hydroduct, ad af possible egdngeffects in actual
operational ccnditioctu as opposed to The "ideal" conw"=on of controlled test

* ~~prOgrinms, does not indicate that-the missile's perfo&ace= would suffer aR
serious degradation. The disturbing effects of acrss aurrwests and tipoot at
lanching produce de%lation of the missile's fightA path which are predict-
able im direction and 1hrtuuh. The dynamic characteristics of the Hydro-
duct tend to Minimize the effects of these 4 ismturbaces, and a wide range of

*~operating conditions, would be -sylabWe- wit minimam correction of bias due,-
to cross stream and tip-off. However, under certain circumstances of
vehice mand launcher motion, the effects of such deviationsI if not compete.
satede could appireciably reduce hit probskr~itiaa, vd under such condltiats
Mhe fire control system should be equipped to provid.-te necessary compes..
satioc in computing the desired -aimin point.

The poesibility of random factors being introduced by these effects, such--
96at compuensation could zA be made in fire control and aim, is the real basis
fot Concern. Athoagh there is a degree of uncetainty in -this regard that
cannt be raesoved by analytical study alone, no thecuetical reasons for oxt---

( ~pectatica C1 increased dispersion due to either cross currents or tip-off at-*
lanching have been found in this studysand It appoeare a reasonable conchs-
sion tat such uncertainty is of relatively minew consequence to the neapeus's
probable operattoald performance =An eftectivauteas. Mutual interaction
effects between Iwo or more missiles fired in close proxhnity to cooe anotherL
might introduce random effects, but ripple fire in jilecve of actual salvos

* ~~shouldreduce, such effects, to sagligibl levels withouea.ving appreciable in.. 5
finance on hit Probabilities.

The missile's characteflatica -appear to m~ake itleherantly capable of
highly accurate flight. and limited tests of the 4. 5-inch test version tend to
verify this belief. While a sufficient muster of tests has aot been made as
yet for precise statistical determination at ballistic dispersion, the tests; India
cate definilte promise of low dispersion,, and vaiues as low &as 10 wais late--
ally and perhaps no mor e than I5 mils nrtically appear-,to be reasonable
possIbIlities, especially considering the Lapecatics-oifAurotre -improvement-.
over the pest sad Present test verciater

It is fte genter~dalcemauso of a"i -shady th".at-* Mgrrcdct missile is Minte* self fuaetiysound, and caeble of hth riperfmm acener actual Operatt -
Meal ed"iftis. Thes major areas r doubt regarding its potential Worth ass
na Underwater Weapon do not, therefoere appear to lIe-la the Performance of
Oe missile, bu in the uncertaintis4 of &othe coMponents of coMplete Weapon
system* and in the effects of Uhses uneaite n over-all systan perform-

SECRET
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SECRET

ance. As an unguided n-issibi. the lHydrodtict must rely on adequate almingj

4~t 6a y existoe o-can b et its eThe deiition cispecific
applications and the developm~ent of suitable tactics are therefore of fund&--
mental concern -for both evaluation of the weapon -and for delineation of sys- -

tem reqtirements.

Given an attacking opportunityr. the accuracy with which the missile can be

* aimed becomes the critical factor in the weapon system's performance. The
problem of aiming has two more or -loss ýdistinct aspects -- the determine-.

tian of the desired point of aim. which -depends upon the sonar and fire conyv

the mmvrblt n otolblt fthfiring vhceand the raechan-
4 1 106 Of the launiching system.

A generalized amint-mo the over-all. aspecfts of tactical applicationss,.
weapon 4ystem componentsj, and the principal factors affecting the system
peIMrformace was conducted and is described in the text of this report. Be-
cume of Its broad scope, any attempt to sumnuarize that. mater~ial here would
be repefttloass& and referetce to the text- should be made for discussion oa the

reut tta oto dthe study.t

(individual subjects of Interest. Seto Mnld*- tci~n fteHydr@-
duct misl n eea icsino aiu osdrtosadproblems
believed 6namdmental, to development anýd synthesis of complete weapon sysm.
tans. Discussion at possible applications in pro- and antisubmarine vearftte

{ a~nd of fir, control problems and launching means to included. Section MI
describes the results of- study aind analysis of the hydrodynamic and ballistics
problems, Including the effects at cross currents and tip-off and other possi.
hi. causes of deviation and ballistic dispersion. Section IV presents a brief
discusis and the results of a limited analytical investigqtion of the possibld
effects cc diaporsicuan vA art*&* system errors an wea&Pon system effectiv.--
no**.* A number of appetdices containing mathematical derlvatlonea follow the
teat, the&e having been separated to avoid redundancy in the disreassions.

With regard to recommendations concerning the needi and directions of -
.. rther efforts to develop and expio1t the ifydroduct, much is either expressed.

Or implied throqgheut-Iha- te*& of the report and need -not be -rapeated in detail-
here. * I general, it appears thag coutinued activity should include further
&tesatso the missile to enabl Mhe development of bptlnaum physical configurah-

* tIafi* an t establish -amd cOnfirmfthe rasgniftdes Af dil~aperai and bias * 3--
is also recommended that future -studies of complete Ifydrodu'cl weapon sys-i
tems be jimmied sand undertaken to provide more explicit definition of opera.
tiosal Parameters than has been possible within th* limited *3dent at this sheft.
In particular, the fire control problem should be thoroughly inmeetigated, and p
strong emt*aais should be pieced an design studies sAd ana~roees of taunching.

wae6of 94



SECRZ
mnhonisms. * ch invstigatieon would be lndipensable-tot valid evsaa-
ticn of system performance -and reliable determination .f4U and kill phes 4
blities. The broader opertonsal analyses of tactics 7ad the etaft **rno
oa system performanc, should be coordinated with these Itknestigaticcs acw
should be c'msidered an integral part of any comprehensive effort to evalu.
at. the potential worth of Hydr-duct-weapon systems.

*

I.

I
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SECRET

A. DESCRIWtIO?( Or THE flYTVODVOGT-MISS'1LE
I

A brnd program of research andt twntopmet nwi-terwater propulsive
device, bekj carried oat by the AercJet-General Corporafton for the Office
ot NavAl Research, has ineclded a variety o methods of underwater proptd.,
stoe. The term 9"yroduot" was adopted to idetisfy those systems in which
intake water is integrally Involved in proucfing thrust. and 'vapor•jet" is
used to distinguish jet systems in which wafte oeite reacts with s hydroluel
to generate steam or is converted to steom by tk. beat ot a burning "propel-
lst." One such propellant is a stoiWciametrc mixture of powdered alumi--
a=n and potassium perchlorate which, by being c€aWessed tnt a cylindri.
oal nUt form mad properly encased, can bw caumed to burn in the manner of
a cgar-ette at an apprst;ate I tmo entuare a ?ON00r. The abbreviated term
"Alclo" is used I* ;rfefe•ce to *e ahmlnum=-.potassimi perehlorat. Mitr.

Despite tho broad connotafion of the term Mhydnductlt as de ied abort,,
ti report considers ths "Hypdoduc4' missile to operate specifically on the

cabimttomof Mole, vapor-jet, and hydrodect principles. Sea water is
tak in Inder rum pressure throug a small oriftien the aes,* passes
thragh a dffuser and *a axial tabe in the forward "wSWhaSd" section to the
caer,& or "pIraeAts", section wher It bypass. the propeUlat trough sa
M u bararnel, thUsacing as a colant. Iti sprayedn the buring &A
face of th Aisle grain, producing a vapor-j•et caipsed of stoam= ad toe
Products of conbustian. The aft, or "amass"j, section contains the canbmas
S., aham.*. "Mixing" In thie cmbuston chamber is e•nhaced by "ftrba-
lIter rings" located nward of the nomale. The jet is tUlly condensible, th
"combution products bag dispersed "a minta saold particles, giving the
missile the advantages ot an essentially wakeles gt. A schematic sketolt--
a tae misse is shownepqe It.

The Hydroduct was devel*ped specifically for underwater flight It is not
a rocket in the true sene since it depends am the tahwe water under tre.-
pressu"e to produce trust, and dth= is more anatogous to a "Mrsniet" air
missile. In pupose sand pnfrraanzce. however, it can be classified a "high
speed, unguided, underwater rocket", and thus offers itself for use in ati*,
"cairs asuital for .Aech Weapons.

Io Principle and in comatructia, it is a relativoly simple weapon. It am- -

ploys no moving parte mad re•es an so etrasts in its fSiht. Is floiht is
intended t. be higly accurate and pr*ecsion ina=wfcure is therefore rA--
qui•e•t to minimise geat m g s =A sears owtsistent propmlaimb.
characterizilca *in any -tow of mass prodMuM4n however Its simplicty
should prodanineis an sea t factor and fdsedtelas, -e pokentay, to et . i
low-cot Missiles.
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SECRET

In an eftrt to minimize the dispersion, the missile is intended to run
",i-) "tUy wetted." To this end, the "Lyonts Fo-.tn A" was selected for the body IN*tape to uaiantain minimum values of negative pressure coefficients. It is

esti-ated that cavitation will not be experienced at depths greater than about
50 feet at maximum equilibrium flight speeds of the missile. Present ver-
sions employ a fineness ratio of approximately 9s1. Three firs of seriespan
slightly greater than the body diameter are relied on for stability and are

slghtly ed to the longitudinal axis to produce a "slow spinU, the purpose
of which is to minimize the dispoesion due to malallgnments. In the absence
of cavitatice relatively short fin-sppans can be used to providE the required
stabilty,

The flight path of the missile -is a ballistic type trajectory* the shape of
wkich is dependent upon the velative gravity, buoyancy, thrust, lifts aAd drag
forc.s involyed. Thus, the range is limited both by the burning time of the
propellat and by the extent of gravity drop in flight.

Since water intake is required and suff•cient ram pressure must exist to
enable'the intake of water against the chamber pressure, initial boost must
be provided in launehing. It is contemplated that initial boost capable of 1m-
partn a launching velocity somewhat higher than the "equilibrium velocity"
of the missile in free flight will be employed. While this imposes a heavy
lend on the design of the launcher, it materially aids the efforts to minimise

C) dispersions and deviations in the trajectory by eliminating an acceleration
Period sad inial low velocities during free flight.

Current versions of the Hydroduct eoa considered inoper.ble at depths
greater than 300 feet. In an effort to eliminate this restriction, development
of a "'lsea-injector condenser" has been undertaken. This device is in-
"teded to Ptvide water intake ducts and a condensing chamber &ft of the jet
nsIle Wsc:h tha jet stability could be realized at greater depths. Versions

of thie mssile operating on this principle are referred to as 1lydroductors".
sad it is ea~mated !hat successful operation at depths greater thdn 1000 feet
can be athane4.

A small test version of the Hydroduct has been developed for experimental
evaluatioa Of the weapon's basic feasibility and its ballistic behavior. The
test mialUs has a 4. 5-inch diameter body, is aprxImately 40 inches long.
and has an air weight of 33 pounds. Using approximately nine pounds of Alclo
Vgain, a "00ber of successful firings have been made at the Morris Dam
Torpedo a., in which maximum speeds as high as 250 feeto per se&crd and
mgnsea of bfer than 1000 feet have been attained. rallwing early tests at

the-San Cleant. Island range of the Naval Ordnance Test Station, sone 50
firigfs have benmade at Morris Dam. Zafrtalicbahzvicr and othGW u~shtmhp
were experieed with some rounds, but in general the results are favorable
and indicate considerable promise of the development of Hydroduct missiles
with exceptionally low dispersions, speeds in the order of 150 knots, and usa-
ble trnges Ot4000 feet or better.

"Pag"e 9 of-94 "-•'-.
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a ' ;The Aerojet-Geueral Gorporati4n-has proposed a 9-tnch~itmeter.vrsi0n
81 of-the £(ydroduct# the essential -characteristics of-whieh-are:

Body diameter ................... 9 to
ju ent ..... . .................... 79i-

Weight (air) . .. .... *............ e 4 &. *9,* ... o. #.... .215 lb.
Warhead (Composition S) ............ ....... ... ..... 35 lb
Warhead fu........ .......... ... ....... , ..... Cotact type
Launching velocity (all depths)........................ 250 fps
Maximum equilibrium velocity (fre.-flig-ht. 504ft depth)-. Z404w
Minimum equilibriwn velocity (ft.e flight. -00-ft depth). 160 fps
MInimum powured range ...... ** ... ... ,. o. .. 1000 yd

The predicedW performance of this version it presented graphically in Figs.
2 ýan-36 pages 12 and 13.

A 10-ini diameter version-ha also been designed to accommodate a 50--
pound worhead, in case the 9-inch version should lack the desired lethality.
These particular ve-siaos were designed for ASW use, with the intention of
providing a weapon caplbl. of rupturing the pressure hull upon contact with
the ater hull.

Future tests and development of the missile can be expected to furtherim-.
reeve fth wissilet. performance. Optimized fin coafiguratios, spin ratespok. can be expected to improv cgksistancy of light and enable minima

d/ipeios. Development of improved methods for Alclo-grain compaction
wil minimi" inconsistencies of burning rate and thrust.

New configurations, versions, and concepts oa the Hydroduct are possible
by meanu a( further exploiting the Hydroduct's propulsion principles, Depth
contrl mMA programmed guidance are conceivable possibilities. and "homing"
mig be possible by the use af "staged" flight, reducing seli-noise to toler-
able limits -in the terminal phase by use ct an auxiliry propulsion system.
It to Xo with such future possibilities, howeer, that the study has boon con-
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S * ADVANTAGES AND-DISAtVANTAOES

The following- characteristics an~d operating -r4sqircznents are considered
Wt~f the principal -advaktagn end -didadvantages of the- Hydrodiact In aits pro.
seat veraicss# and the predoaulnant factoar. .i be cnsidtre4 -in-appraising its.

1. ADVANTAGES,

a*- Prababi~t te outstandingaZ.dvantage of the lHydtodcct is its speed,
-Its ability to veach a target-at -1000 yaridt trange in less than 20-

secende gives it an ozeepticcal advantage over alternate weapons in seven!l
respects. "Dlead time" is mlnintiled, reducing The -target'.a evasion csapbUlet,
W"ss. The prediction aspects-Sf the fivre-ccatrot are greatly .simplifted. Aetit

serasafinal correcftin In: the fit Ocontroal-can-be employed-without matie.
wishY inaoas~img to target's ability to thwa~rt,.to* attack&

b. The, ability to run "IMipwettet" tansiderably-Improves, t.o miso
sile's accurtoy, enabling Awe of "loptImIsedw 'pattern control In -

mAultipl firings mud camsequent Increase in -hit-probabilities tar a gives sms-
her afrcade.

Li;Mc. simple design and:operaftig prWnaiples- enable the mis* andt
PROAA tobe ooedtO UJCIta~rget vulserabiliftp. Thus, f

desiped" Lots we against h~gsy vulnerable tArgets 4wuch -a submarties or
ems)! surface await, coptma sin* audwarbad ctan be provided =An the wasW2.
S ."overkill" avoided,

d., The missile 4contains -vlrbzally ao "WastedTM internial space, and
is divided Into subsseeebltes such that -"hIgh-tansity" storage

and ease of handling are greatly Lacilttated

s. The ehtaoaterlstics of -the miss~le -suggest -the use- of small
renods -Iwa mltiple flrie eliminating th. -necessity ad ta. "tongu

NmiimKMaraming rainges employed wiflhaavyortwanc. ; 4-31 protection to the:..
flsing vehiclei.

f.: The simplIcity, low--cosir, and absence oL-'~gsdotry" combine to.
give tka-ydrasduct-treflabiatyjr lot-cost, e, poloatislly high 1eveb&-

1. D0DAMMTAQZS

66 Is rng*is lim todtal -by its poweor .4ads;:m and ahe 1all or,
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with other underwater ordnanace.

b. The minmum depth icwo-wfeedom fron cavitation is eatlmatzd at
be SO feet for current versiocs, and the missile is inoperable be-
low30 fot.Although cavitation may m erey increase dispersion, and

periods of air flight are not inconceivable, current versions are intended for-
subsurface launchings,, between those limitts, at .Win surfaced or submergs-

4targets. It shculd be ncted that the I"fly drifORuctor ", currently under develop--
Ment, ut~izies the basic Hlydroduct principles with the addition of a "steamw.
Inector condenser" to achieve depth iusensithvity. Successful -operation to
depths exceeding 1000 -feet tso anticipated. It should also be noted thatcavi--
tation at depths at less Mani.C feet couldbe prevented by slight reduction o
speed.S

4
C% because at(it speed and noise level, guidtnoe -and homing are

probably impracticable, and lathe -absence -of any postfiring
corrections, the missile is as good as, and aily-as good as, the ability to-
aim it.

4d. Although not a disadvantage of the miAssile.- its elf , realization of
the value of low disperuics requires high accuracy of aim, and

three-dimensional positioning of the, target is required. Currently opera-
timial submarine gear do"ncot provide for determination of target depth end

( ~~elevation angle. Sufficient accuracy at range decrtaicwould probablyS
S 4 require use of echo-rangin in thie fire costtrot.

.. ?U& problem at vertical errors Us particularly acute because of-
t.* accumulative effects otsmall vertical-target dimensions,

inherently large vertical aiming errors, and susceptibility of the missile to p
* ~luger vertical dispersioms tan lateral.

f. The logical canponsatlon for the above-mentioned sources of
%ntical error" is a vertica -line pettern in either salvo or

ripple fire., Thus the "waste" of unsuccessful rounds is Introduced, oftfet.~-t
tin(; the previously described -advantateo at -ability to avoid "overkill." S

t *The launcher constitutes a Mdead Weight" to the vehicle, this
problem. being :made more severe by the neces*sity ot heavy W** -

tial beest. A "trainable launcher", though advwanagaous. to aiming, would*
introduce utoeekaical complexities and-further aggravate this problem. The -

* ~possible effects an the perfornmakce end -stebittto-eubmartte* vehicles is a

b. The preservatic of low dispersion would -require low tolerance*
ed precision techniques In manufaacture, and extreme care in

I shipping and handling to avoid evns slight damage, particularly to the fine.*

Page 1-5 of 94 -
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04tk DZV MT ONHYDROSDUT WEAPK SYSTEMS

'a

The conce A of unguidd, underwater rockets -is not new. Germany is
known to hem• .taped the developmeatro such weapons durilg World War
U- and a imbwu of innstlgastios and exploratory test prriramna have been
carried ouabinthis country-in recontyears. The Navel Ordnance Test Station.
conducted a series of exlorator7 underwater stst of rockets at t.e Sam-
Clemet. ITant rage between early 1950 and 1953. Modified versions of
WVAR a"d BPAG rockets were fired underwater, mad some tests were made .
of a pe desig -mdeorwater rocket designated-SPUR-3-C.

is Despite those earlier studies and -invesUgations, underwater rocket devel-
opsmet is Is its early infancy, and no such weapons are known to have been
used or tested in eitr actual or simulated operations. As a consequence of
this and for want of past operatinal and weapon system studies, the potential
applicatios, utility, and effeciveness of weapons such as the Hydroduct are
little more tban eupposition.

There is HMO reason to doubt that4 the Hydoduct offers a practicable us-
darwatr reckst fSr wehich a high level ot performance can be anticipated. By
"practicable It is tmeat tat to•re are no prohibitive features Inherent In
the mIssile iteeM, such as excessive costb, delicate canponents. or other
&serios obstacles to producibility, maintauance, and reliable operation.
Esmmintnlcof the Hydrodct'a ballistic behavior and performance character-

Ic indicates the, within its inherent limitatlons as an unguided missile of-
limited range, It premises to provide a weapon of eeptional capabilities.
No reason have bae found in the conuro a this study to doubt the basic feas-
btUity -a the missile itself. The test progra at the Morris Dem Torpedo
Ranee ha preed that its operating principles are basically sound, and has
demonstrated is capability ot high speed Eliht without cavitation. Since
these tests have been of exploratory nature and have involved a number oa
co-fluratios ehanges, there is an insufficient quantity of data for true evalu-
ation of ballistic dispersions. intuitively, however, it mnst be concluded that
the Nydroduct is f•n•dantally capable of highly accurate flight, and the ulti-
maeu developsat -o optlmum configurations might well result in ballistic-
dispersion as low as 10 Us laterally, and somewhat higher values, but-per-
ha"p no more tUm IS mils, -vertically. Theory alone can neither substantiste"
nor disprove sm*A laimos, .ad to dwell oa the subject would. provide little.
more th" acdanie-ebate. It is the fturoe tests of optimum configurationsz-
hat unset be 2relid upon to determine aaW levels of dispersion. This study
has eanmined various aspects of the hydro-balltstlcs problem •n search of
degrading factors, n has failed to find any regions of serious uncertainty,-
or sourges o degradation that ould not be compensated in some reasonable
nu maser. It i IfVe general conclusion o this study, therefore, that the pri- ' p
Mary areas Of uncrtaity-in attf•ltl tow apraise the weap•n do not. He In
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the performanceo Mke weapon it'!Uf but in -two £raetlqsio.SERTh

first is the qpestles of "oppor*tumity" to -use the weapon; the second the ques-

tion of "ability" to use it. To resolve the former questiony it must be shown

that its limited range does not preclude sufficient opportunity for its use.

The latter is primarily a question of ability to aim the w eapon. If sufficient

accuracy of aim -eit not be attained, the potential advantages of the mis-

sile's flight accurasyodouslycould not be realited. There are other ques--

tions of course - kil versus survival, countermeasures, costa, product-.

bility, and many c lfer lass tanglble-consideraticns -- which,- although Indis-

pensablebto a complete evaluation, are more concerned -with the weapones

practicality,-tha with its basic feasibllity,

Whlv contineod-development of-underwater- rocketry would undoubtedly
result in eventual improvement over currently conceived- versions of the

Hydroducts the indicated performance of these present versions is such that,

it the Hydroduct lacht feasible application as a weapon, it is probable that

the entir conocet using unguided1 underwater rockets-is not practical.

During the early phases of this skidy it became apparenttha a wide diver-

sity of opinon exiets an the utility of underwater rockets, and on the possible
applications for much weapons. It also became apparent that, for the most
part, there is lIte in the way of operational studies or "systems analyses"
to support these cotleting viewpoints. The Hydroduct now offers a realistic
basis for such studies, and a compelling reason why they should be under- * *
taken. There is to muans of liminaftng diversity and A4mralty of opinion
until appl@tioatms have been substantiated ia the effectiveness of complete
weapon systems in emth applications evalubted by sound-and comprehensive

As an unguided$, "bort' range weapon, the Hydroduot-it & contradiction to
the emphasis on iianrssing attack ranges and developing means for compen-
sating the ia of tracking and fire control systems. Long range
torpedoes, equipped with guidance and homing systems, a•e the "Ideal" weap-
ass by which the submarne can attack from beyond rang of counterdetection.
and thus retain its primary advantage of stealth. The Hydroduct has neither
guiance nor hominge, and its range is considerably less than that of modern
torpedoes, but it doe have a number of distinct advantages over the torpe- l
and, withWn its liie domain, could prove superior for certadn applications.
That domain is, of cose, the close range attack and-the possible applications
include a variety of sihuations tuvolving a submerged firing _veh €le or a sub--
maerd target, or both. I

4
There is an expre•s"d need for short raneg( hghs& peed, -underwater mis-

sites forusebysubmaulmes within the minimum sessitisingandrmng ranges
of current torpedoes. The Hydroduct is -such a weapun, - and its devel.
opuent M be Jusftfied on those grounuklaone. However, to consider only
those situations where no alternate weapon is available as the only possible

SECRET
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B SECRET

use of the Hydrodutct ove'rlooks much of its potential. Such an approach to
appraising the weap.n would limit thO opportunityfor its use to- "inadvertent"
close range contacts at less than tho '9ninimur•"'rangaS of other weapons,
mand this would presume that frequency of such contacts would be the same
with the Hydroduct as without. Such a restricted effort toexploit the Hydroduct
would certainly impede, and perhaps preclude, its further development. The
frequency of such contacts might no. be sufficient to substantiate the sacri-
fices of developing, installing, and operating Hydroduct systems. 0

0 The capabilities and performahce of the Hydroduct, particularly as ax.
antisubmarine weapon, appear to offer considerably more potential than a
stand-by weapon of such restricted opportunity. If it is to be fully exploited,
the Hydroduct shouMl be considert'ed not merely as a possible supplement to
other ordnance, but as a potential complement of a complete balanced arm- S

4 amoeet•ystem. Any target within its range would present au attacking oppor-
tunity regardless of whether or not an attirnate weapon could be used. The
Hydroduct might be the superior choice, depending on the specific nature of
the situation. Although such opportunities might still be the. result of "inad-
vertret" contacts, the frequency might be considerably higher and might be 6
further increased by the effects of the Hydroduct's presence on tactics.
Given an effective short range weapon, the short range contact should be less
feared. It cculdo in fact, be sought.

To define and& substantiate the maximum "opportunityt for the Hydroduct
would involve a combined study of tactics and system performance, and an0

4 analyses at the effects of each upon the other .- Such operational studies and
analyses are the ultiw-te basis for evaluation and synthesis of opthVLum sys-
tems. It is by such studies that maximum, "profit" is sought. Itis readily
apparent that the 'tpaofit" of a weapon system is its ability to increse losses
of the enemy, or reduce losses to the enemy, to extents exceeding the total
costs of its development, installation, and operation. It follows that the
fundamental measuretof a weapon's effectiveness is its potential of creating
such "profit." It should be apparent that probabilities of hit and kill are
little more-than parameters in the evaluation of a weapon. High probabili-
ties imply, but do not substantiate, actual net gain. Conversely, low prob-
abilities imply, but do not prove, a lack oa worth. The actual demarcation

4 between "profit" and "loss" on the kill probability scale cannot be established
realistically until the weapon system's "Opportunities", as well as its capa-
bilities, have been adequately evaluated.

The problem of evaluating the Hydroduct, ihen, camn&o be. resolved simply
by analysing the performance ofarbitrarysystemcoaefiguratios in assumed
tactical applicatifts.. The weapon's opportunities mustitfst be defined and
substantiated, and their frequencies deterOined. Only then can a realistic
basis exist for the synthesis and optimization of complete -weapon systems.
This is not meant to imply that rigorous evaluation should be required to
justify continued development ofHyA'roduct systems. To require rigorous 6
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proof of feasibility and-practicaMty as prerequiosite to jand*rtskng the d4vel- I
opnlent o a now weapon system would sl t;At t-developneati Rahers it is
meant to eamphasims th im•-o.tmm of oper414s anals'yos as a concurrent

part of weapon systems nnenet
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D. POTfLLL. APPLICATIONS

1. GWBBAL&

It is readily apparent that any comprehensive aUempt-to evaluate the
cnmplete realm of possibility for the weapon$* use would involve broad and
extensive studies, and many complex and intngbl constdernatia5, Ques-

Um of tactics wit the w span as opposed to tac~es whlhocf it would be fun-
demeutal. The possible future developments in weapons and operational
methods of undersea warfare aM hlartconsiderable bearing, and the teelk
"Silques nd problems of search, detoctom, tracking, etc, would be basic
cousideratlons not"only to AdtrIning the possible frequency W atftacing
situations ior the fydroduct, but also the exact-natnue of thosa aitbatiaw *

* The interrelation between the speaific makeup of the attacig situation and
th performance required or destred of components of the weapoe system
such as . fiawe oantrol, lunching mneas, etc,, is clearly of basic cocmr-
Before system rel•drements can be delineated or system perfonmance eva1.
sate, the specifl attacking situationma st be adequately defImo4 since it
is these aituations and their probable frqaencies that determine the perform.
s&me rsquired of system components. The investigation reporte herein was
act Of su•fiidast e*tent to undertak. tno operational studio s required to de-
fine and substantiste the weapoaus possible applications. The following are
thAeflore based on Considerable supposition and ai.rmiant to serve as exam-n
plesa of possible cases and to provide s basis for discussion of fire control 3

4 proloblm and launcher considerationse

2. MIMRIZV-SBA1!

It Is generally acknowledged tht the antisu e submarine, wthter- p
the S5K type t rmy other attack type used for such purpose, sugffrs a cur-.rent need for improved weapons. This being a reUIlavely new concept of anti-.
submarine warfare, the past development of subnmaine ordnance has not
em ased this need. In considerifn e -possible use of Ngdodacts in

f #, S problem can be divided iant two separate and distinct cases *-
the saorkelllng (o surfaced) targ•e submarine, and the completely submered: i
target submarine. The former prowvies a known target depth to the attacker4
te latter does note

There is, -of course, a wide variety of purposes and. attacing situatiofs
that could be considered. Use of "s Hydreduet as a primary or & secondiary
weaspon, deliberate clospre versus Iadvevtent close range contact, individuda
versus greup tattles, etc, a are vartos consideratios each of whAch could
introduse its owM unique opportunity for eploiting the Hydroduct. Until a
broad cursee of study. otte mow* cazpes and intangible possibilities can be
made, how*ve# the folowing "baisc" possIbIlItles appear to dese•rv primary
considerat'on -,
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a. Submarged Attacker Vs. Snorkelling Target,
Deioberate Closing to Hydroduct Range

*t
Ths attacking submarine is presum•ed to be either the "S1SK",

"Guppy'" or other attack type adaptable to ASW, submerged to "optinamu
attacking depth at the time the mnorkelliag target eters attack range. "C94.
mum" depth is 300 feeot unlesi shallower depths are required to adequately
track the target during the approach. Reducing the depth, however, redues
the possible range of attack because of the trajectory "fail ofV of the fslils.- S
The attacker is assumed operating at "minimum" speed to prevent counter.
detection. The target Is presumed to be similar to either the German Type
XXI or Type XXVI submarine snorkelling at its most probable transit speed.-

This situation presums that the target submarine is rot emplaing-
echo-ranglng during transit as a protection against such an attack. The
attackfng submarine is thus enabled to track pwasively, to close to Kydroduct
ragne*# and to attenpt the most favorable attack position. Once within range
the attack could be delayed to increase the probability of success, since an
immediate tack could be made upon detection of countermeasures such a
sudden changes in track or speed. o cemo acement of echo-ragtag to con-
frm any suspicion of the aacker*s &presence.

" This is considered a possible example ofin ofeiuwe9 use of

C ~Hydroducts in SS/ASW. Echo-ranging, or perhaps fbarea passive array sys-
tents, could enable the transit submarines to prevent such an atack- except 0 4
perhape under eueptionally poor sona conditions. In such cases, however,
Ow attacker's ability to detect and .track would also be Impeded.

b. S'*uergeod Attacker Vs. Snorkelling Target, -
"Inadvertent" Contact Within Hydrodht Range * 4

The possibility of an inadvertent contact witbin Hydroduct range be-
tween a submerged attacker and a sanorkelling target offers a possible "sot-
cadary" affeasive application for te weapon. Such contacts could result from
an `uaticped "chance" contact daring extremely poor sonar coaditions, or
perhaps in the more likely case of a regained contact followlng a "fade-at" aS
during the approach. use of the "primary" weapon having thus been pr•veO .

The significant difference between this case and the preceding one,.
insofar as the "system" and Its probability of success are concerned, is tat
favorable target bearing and aspect are less probable, and the attacker Le. *&
less likely to be at or near the "Optinmum" depth. In snao an "nadetlffA,
situation, Immediacy is of vital concern. and therefote ability to attatis.
favorable attack position might be inhibited. A degradattiu in the qua e--
system peroMae, particularly In the fire control, is also to be expectoC
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a.SubmeargeS Attacker Vs. Submerged Taft*
"hmdvatearcontsac withi flqtroduct ite".-

Thu s [a sLbmoge-arget ceinterpart-Of~e preceding case,
and again presents the increased probability 4f uzsftwrsble bearing, aspect,
and relative depths, and the urgency for-immed~iate eattk. its operatioRal
background may be obscure, but its consideration -is warrante because of
the limited range of detecting the quiet-rnunlng, submerged target. The
possibilties of such contacts resulting. from search-iaLrestricted areas such

aschamoels,# harbor approaches, O tC., steem worthy- Gt Considearti on.
Anthe Possibility could be follow-up search for,4 lost caittact, perhaps as

the result Of submergence of a previous!? ssmorkEitg'tarrt.

4.Submerged Attacker Vs. Ssbmesgtd Tavget,
Deliberate Closing t* HydrodctfR=sag

This is the submeorgedstarget counterpart tflet first oa the above
coses, and a situation in which favoable target bearbix and "asprt, and opa.
sum relaftiv depths wuld be sought during the approach. Such ja attack
sight be possible without loss of stealth if the attacer were equiped with

4e8as Of Passive detection sufficiently superior to att ot the targe. =to'
"P"eupe wI* p"owrful array, Systems rmigt exemlIfy suich a possibility.

There is also the possibility of attemptng to Close to sydrodact
rane making full use of active soar, assaning *at stealt has been lost &as
a result of earlie unsuccessful aftackky Hydrodct mothe&r weapon, or aS
&"areulofcuerteio prior tQ an sftak. aitnI ceceivaible tat, under
"sCh coniios, a ig ped epon Migh Imovie as only meas oa atea..
lug to sustain an attack or seek a follow-up oppoebmity. For exmple*,' the
possible use Of sactive soar by a transiting submarine to protect itself
againt a waitin submerged attaker coUld resul in SeWMrgeaCe of the tare6 4
get and loss of p~assiv contact. However, active seezok by the tiarget having
benm the causet for loss of stealthl, Active saaar cOAn~ be employed by the
attacker to mainta&in the contact; wAnefr to atteakch...d be comtuned by
meanms of echo-ranging. a e

Although cOMpreshensive, consideratUm and Investig.atn a.th preceding.
examples Would be required to determine Gthir feasbiiy., these assuamed
case provide sufficient variety to serve as a. basis tar nsamination ot the
general requirements oI fire conitrol sad Isuchng6 syttos in the submtarine.
ns-submarine categary. .

3. St3IRMARN4Z.V&4URFACE VMAS=,

Altbmgh the Hydra, at could be -USed to attack vitteally fly highy 'al.--
ftcabl* and lightly defended surface vess#el, it is dliftalt to conceive appr*-

LI camble opportunity as an offeSalve weapon fri this categoy. Its use in defaens
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SEGRE
against attack by Antisubmarine vessels, however, appears to offer auneel-Z lent possibility. Although the submirines initial Lfort-whsu under attackby
an ASV would be to evade and escape, and the presence of the Hydroduct
would not be expected to alter this effort, the F-Aroduct would provide the
submarine a weapon with which it could return xee when brought within mue
of modern thrown or propelled antisubmarine weapons. With presently con-
ceived versions of the Hydroduct, multiple hits would-probably bo required
to sink the ASV. However, a single hit would certainly hinder -the attack &ad
-- .ist the submarine1 . efforts to escape. The threat alone might greatly imn
prove the submarine's chances by denying the entisubmarine-vessel comnpleieh
free4om -io approack without fear of counterattack. One argument against
the use of such weapons by a submarine under ASV attack is that the subma-
rine's presence would be confirmed, its location "pinpoLined, and Its ad-
vantage of stealth removed by the firing of such ordnance. On the other
hand, howevors modern antisubmarine tracn -systems Leamm the submarize
littMe stealth to protect when brought to close range. If the submarine faces
izmminent destruction, having failed in its efforts to evade, there should be
little reluctance to open fire on its attacker and to employ active sonar to its
fullest advantage in the fire control.

--The evading submarine's probable effort to submerge to maximum depth
introduces one serious disadvantage to the use of Hydrodunft ix this applica.
triot. The submarine could not submerge below 300 foet of depth without
sacrificing the opportunity of using the weapon, This restriction would not
be present with the anticipated payt6rmance of the Noduct' however,
sires operable depths of better than 1000 feet are predicted.

Although this possible application for the Hydroduct is similar in many
respecta to the submerged submarine versus snoritelling target case de-
scribed before, there are distinct differences which appear to be significant
to the fire control and the launcher, and to the over-all quality of the sys.
tem's performance. If it is assumed that the submarine would first attempt
to escape and would cpen tire only when Its position were presumed known by
-the attacking vessel, the submartze would be Involved in evasive maneuvers
simultaneously with attempting t- aim and fire the Hydroduct. Such maneu.
'er* might include "smig sag" couvses and high submerged -speeds, which
would obviously have seriouz degrading effects on the fire control. Also,
since it is Probable Uhat the ASV would be astern the submarine, ability of
the Hydroduct launcher to fire aft would be required,

4. SURFACE V.WEL-,VS-3BMARlNZ

The possibilities offered by the Hydroduat ax an-t•snubmarine weapo
in this category appear particularly Interesting. The advantage of being pro--
eplled underwater at high speed versus relisace on sinking to reach a sub-

merged target becomes incresingly siLniflcant with increasing target depth.
0 Some of the Hydroduct's potentialities for this possible applicatioan are indi-

cated by the following comparisons to Weapon "A"t

SECWE
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*Weapon "SAl' (ote 1) liydrodtict (Note 2).

Minimnum range .............. 400 yd (Note 4)
Missile,

.1.75 in 9 In
Leng th.................... 102.3S in 73 in
Weigut..................... 500 lb 215 lb
Waha................. 263Ilb HEX 35 lb HBX

S............................. , .......... Influence contact
Lethal radius (Ost.).......... 191f1 5 ft

Tim.* toroaclitargeA at 600-yavds

Target 00 ft. Note d) CmeeC, p 0 •cts 5)
Trpt zoo feet deep.............. O 10 e (Note )

Taget60 feetdeep ........... 2isay (Note 6)

14OTES

(1) Values obtained from- Reference 11, and do not include possible Improve.-
meats since data of that p.blicationn

(3) Cbmpewtise here is made to.prest 9-i.ch version although inodifica
ties for su.. ace-to....s.bmariae..pplicat would be probable.

(3) Mauximum usable range wben fired from surfacer qgwoximately go0 yard&,

(4) MinIn (tm range would depend upon launcher trainability (in deession).

(S) At. 00 yaeds ra.e, target immune to Hydroduct above a(proumatel?Z40 feet of deph -becaus. of trajectory fall-off.

(6) e0droduct tnoper,, .. below 300 feet.

(7) Baed on air fOWgat f seconds, and terminal sinking rate of 38 feet

C per second.

"The figures presented here axe meant for comparisons.- only and should
not be interpreted igorously. maprovesent in range of both weapon& is probox-
able.) d Urger versions of tho-Hydrodect coald be developed for such ap '.-
c"Oftous perhaps with infildenc, fulse mechanisms and larger warheads. The
significance 9 these comparisons lies primauIly In the tuin to reach a tasiet
300 feet d8e at ty 800-yard range. The '%ead tise" of th Hydrodt t iz ino
this case only half that of Weapon "A", hUs materially reducing the probable
evasion error of the attack, In The comparison made hyrer the greater lethala

* . Z.>f. *. -Page 24 of 94 .,
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ikk radius Of WC#.pon-"A" to mu~ch in its favors --nd Its ability-to sweep allp055*i.
ble depth& of the target is a distinct advantage, particularly In compensating
for the large probable error-of dep~u determination. Weapon "All further-~
mnore allows no depths of Imununity to he target. The 300-foot depth limits.

* ~tica of the Hydro4~ct appears to be a serious obstacle to its use in this ABW
application# since its potential advantage$ over weapon ,A,, are. at the deepw
depths, a"d an- abrupt "lcutoff" at the 300-foot level precludes realisation of-j

* ~these advantage&. Development of the Ilydroductor, enabling depths of 1000
feet or better, would eliminate this. obstacle.

The air flight- of Weapon "A" has a dispersion of 50 feet at M!aximum,
range. aor a liatrAl -dispersion of 20 miles. To this must be added the user-L
water dispersions described in Rteference 13 as "considerably swmaller." f
Superiority of the Hydroduct in this regard seems probable if the presct
estimate-of lateral dispersion can be attained. Depending -upon the &,ange sem
angle of water entry& the air dispersions of Weapon "A" are nu za~fip-ý loug!-.
tUdinallY to give elongated sinking patterns, whicht, if the target f
from astern, are compensated by the target length. Because of the Hydrow.

4 duct's suscepMtiblty to greater "vertical" than "horlamital" dispersion# it
might possess no dispersion superiority "longitudinally. " Analysis to enable
direct comparisons of the two weapons would be required before firm conclu-
aions could be mtade, but an over-all superiorit-: of the Ilydroduct In this re-
$poet ~mean poe'sible.

0 .0Weapon. "Aft is capable of firing a -tetal of 22 rounds in ripple fire at five-
Second intervals using a completely automatic "ready service" magasin.. or
a tota of I11,000 pounds of ordnance per loading. A comparable weight of
Ifydroduct missiles awould equal approximately S0 rounds. based an the 9-inch
version.

Thusa the superiority of lethal radius oifered by Weapon "All is offset by
three potential advantages of the Hydroduct -_ lower lateral dispersions,
more tota rads , and shorter lengths. of "dead time." The first of these
would require sufficient test* and analyses to substantia~te but io at particu-

4 lar interest because the minimuma dimension of the probable target aspect-
wcigd Occur laterally. The second suggests either salvo or fast ripple fire of
Hydvodu'~ts,. perhaps with pattern control. The last of these advantages, how-~
ever, appears the. most signific ant If the contemplated deep submergence of
future submarines is employed as defen-se against attack from the surface.

At a target depth of -1000 feet, for example, Weapon "All **WA4 hawe a toltzl
4 dead time of nearly 40 seconds, where"s a propelled unadorwater "rocket"

Such 1s the HYdroductor might require loss than -S 1-seconds. Graghical ocon-
parisoss between Weapon "At' a"d both the Hydroduct-ani an assumed Hydro.
GiactOr are presented on pages 2-? and Us to illustrate the above discussion. itA
Is# of courses apparent that considerable analytical study would be required
to elevate the preceding to more than pare surmise, but for reasons describtd

o ~ the potential ad the Hydrodxact and Hydroductor in this application appears to
merit further investigation.
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There tr* many other considerations beyond ths4icse bv hc
* w&uld have considerable influence on the evaluation of this possible applies-

tiogi. The launcher is clearly one of the most important at thaese since the
H~roiduct is intended for underwater lwanchings and therefore prsnsa
considerably move serious problem than a deck-mounted -anhrAsis the
ca&*e with previously discussed applications for the Hydroduct. the ability to
attain adequate aiming accuracies is of fundamental concern and is further
aggravated In this case by the pitch and roll of the surface vessel as comnpared-
to the "Istable platform" offered by the submerged submarine. These and
oiber factors must be considered In any investigation of suxfac.-to-submarine
possibilities, but until the basic stdlez suggested by the preceding paragrapbs-
-have been made, those factors could nai~be adequately evaluated.

5. OTHER JPOSSIBLE APPI4CATIONS8

Several other applications for underwater rockets are worth considerationp.-
allhougb for the present they appear secondary to the preceding possibilities.
If the indicated low levels of dispersion can be realized in actual practice# the
possibility is Suggeste" of firing small versions from a special barge equippei-

* ~with a suitable high resolution sonar system as -a means of neutralislng
bottom-laid mines. By firing from a "safe" distance in the order of 150 yards..
a ballistic dispersion of as. little as five feet standard deviation might be
attained. Neutralization of the mine, either by detonating or flooding, might-
be possible with small Hydroducts carzying small warheads. The present
4. 5Inch test versinn might be adaptable to such a, purpose.* The principle

0 4 nevrtainty 44 this appilication lies in thea-ability to locate the mines and prop-
erly aim the launcher. Aiming errors could be minimnised bydeemng
and correcting for known sources of error such as thermal gradients and cur-
rents, and could be compensated by use of salvo patterns or by raking the
presumed-target position with ripple fire. The probable number df rounds

4 re~quired, however, could be excessive unless excellent accuracy of aim
could be achieved.

The possible use of AxIed -submerged batteries. of liydrodacts sitnated at.
harbor entrance* might ',t 'worth consideration. Used in conjunction, with
warning sonar such as tho; "Herald" system, and controlled by a shore statics.w-

4 such batteries might enabt complete protection against the entry of small or-
"midget" submarines.

Consideration covuld also bei ~van -to the development oif "special purpose".,
vehicles such as small high..spe..I surface craft or submersibles equipped-

4 with Hydrodocts to serve. such -special- purposes as convoy screkening, aet.
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X, FIRE CON4TROL COlSMIZRATtOKS.

It is the. prolmcdft econtral-that appeas to ofer th* gweausstobsts..
4CIS t0 o Mttwpf ytmpromn.Ti blt o" hW&C

wfth Suffcient acos to realize the bnefits of its low level -09 ballistlcdfta.-
Pmetsaf is of primary c~oncerno and-it Ise probably tis, qi~eatiam that will ult.. -

* mUately detsrmie the systems* limiitations. The study repore~e herein was
not of sufficient scops to unkertake the twweltigatiaa sand analyses teplied
to resolve this question. and thaerefor camnet atfnpt to describet the prob.

4 lIon in more It"a qualitative: terms.* The $allowing 3we thought to be the most
signifltuan coinuideratima. relat~ng to the Aire* centrol problems and those
which future investigations should seek to, evaluate in .rder tat resalitic- do* -
ftnitoi 0f H~dVod!Iot system peMfo Sance capabilitits can- ber ma"e

4a~b Priobaly Ithe greatest tinherent difilultr in aimaing the Hydroduct i&
the we dairemet for %x"*"Umdlmeonsil positioning of the target. As,

described ear~le, the inissile J& susc.$I~le to a nambeov- ca emsg *I "vera
ticel Orrors," sad a rapid degradalion c4 adfectlymiasa can be expocted with
lose 4E elevadion aimn accuracy. If Ume target is submt.rgedt the determim( I nlafti at either Uts depth cc the elevation. angt. CE its relative position is re.
qui~reds and the accuracy at do"n so is of vital concer=. The diffizaUlT cEf
accaratly determining target depth by ioamw makes this -problem particalarly

be Active versus passive five control is afndm tacoidaio
isthe HY&droct system. I cornigwr ei4teaakr

trdanulation would be required for determination of slant raane. and the
&4Ccracies attainabie by such means are inherantly poor, The AN/5QR.6
s50ar is currently Uader developueni as a means by which a st~erged sub-
marine can detoxmine the horixotaW range at a surfae target passietwly. This.
system uses the '137" hydrophone to measure the elevation angle of arrivalf,

4 ~and from the submarine's known, deph calcul&Ate the horizontal range by tritaL
saguatica. Range accuracies within 10% to 20% are considered possible
with this sa~t emn 5lepending on 4oeao at range* of 1500 yards. Against a
submerged target, however, trianumatian by thi system would not be p0.51...
61.. The MMeaured Manle Of arri'Va 4d target notse would not enable rosoba.
tim *I target Position withot an intercept, thq only means of prolviding far-
which would be dtriatin Of slant range be ocho-acAbgiag# To enable- awk.
aftack upon a sublnerged target en4tirly by passive MOSMn wOuld rogaie a
soeWhatW elarate plan CE traCn Wari to the sasho in order to proviw
Wnelligeac not available by direct me~asueakeat. Predetormnination ad prab

able 40ep thC e thatruget, ar mssuapw, cova b* used a& an interc.pt wift a%*-

* ~MessUred elation, angle to enable solaUtio of a presumed position. The
SECRET
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complexities and probable errors of such techniques -ho~wever, do not appear

promising, and it is considered reasonable to assume that tetive sonar modM
be required in the fire control with submerged targets. Against sur~faceoOr
Guorkelling targets , this would not necessarily be the- case, since the known
depth of the target and the measured elevation angle enable the solution by
trisangasaion. However, echo-ranging would enable a considervhly more
accurate solution ag~Inst -such a target* the range error being of negligible
magaitt4es and the attacker having precise knowledle of his own depth. This
ioluiton, would not-require- a measured -elevation angles eliminating the prob-
lemL of refraction effacts on the measured angle of noise arvival. It is can-
eluded that active means -would be required in the fire control against a sub-
mearged targets while passive means could be used against aurface or
snorkelling targets* but with greater accuaracy possible by active means,.

co The reluctance of 4L submarine to use active sonar would have can-
sidetably less foundation with the Hydroduct thtan with ofther weap.

ona, provided that. it were -used only as a last correction In the Lire control,
If detections tracking. and the approach could be performed satisfactorily by
Vassaivt means& the use of a single "ping" &as a ftnal resolution of target pool-
ton. would grant little advantage to the target if It wes e detected,, provided of
course that additional maneuvering and other time-consuming corrections
were not required by the attacker. If a rapid correction could be mtade, the
target would have little added opportunity to evade, counters or otherwise

C, &Attmp& to thwart the attack.' Without a "ping", the attacker'Is presence
would be known at the instant of firing, atlowing th. target Is seconds orP
less. Lot countermeasures. The use of lk-ping" as a last Instant aid to fire
Control would add little to the target's evasion time. Thus. the high speed at
the Hy&drodct amazea to give it a distinct advantag over slower weapons by
Permitting use of Active fire control without serious sacrifice.

* d.' Another definite advantage resulting from the Hydroduct's speed is
the simplification at the prediction aspects of fire control, Little

degradaftin of hit probability would be expected from a regal error in
Predicting the target's motion during the dead period. A simple calculation
of lead, probably never greater than one length of the target, would probably
suffice. Oft the other hand* a deliberate effort to close to Hydroduct range
would create a somewhat more e~ffcult tracking problems and attainment of
a reasonably close approach to E; L-*desired attack position prior to "last In-
stant" use 01-echowrangIng might require a complex sad skilled procedure.
The use of an Infttequent "ping" during the latter stages of approach might
benefit the attack despite the risk at its being detected*-

to- 'Xth "*zsmpied' tif possible Hydrodact apoliations described In the-
Iffeceding section present somewhat different Lire control problems,

each application being distinguished -by Its own operational background and
attacking situatont Following are some of the basic oomsideraftons in each
cases

SECRET
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with deliberate closing to Hydroduct range, described

an pge 91# presents the "ideal" sitution from the standpoint) of fire control. This situation presumes that the attacker has
succeeded in avoiding eounterdetection and-has attained a fav-
orable attack position. Passive bearing measurement in the
Latter stages of approach should enable final- aim -in -aimuth and
partial elevation aim, particularly if elevation angles of arrival
have been measured during the approach. With the target pre-
sumed to be ti the desired position, a single "pIng" would enable
that position to be confirmed and a final fife control solution
made. Following the Initial salvo.-sucoesui*f firings could be
made w1i continued use of active-sonarv

(Z) The submerged attacker versus- snorkalllg target with
contact having occurred "inadvertently'l within Hydro-

duct range differs from the previous case primarily :tn the inabil-
ity cd preparing and accomplishing partial aim priot-to contact.
Intellgence required for the attack does not differ from that of
the Preceding case, but the probability of a favorable attack posi-
tion being afttaned is considerably lower awd Immedtacy of attack
is vital. GOnideration could be given in -suchsituations to sac-
rifice of "stealJk" by immediate use of echo-rauging as a means
of bettering the attack.

(3) I c the cases of both attacker and target being fully sub-
merged, it is doubtful that satisfactory attacks could

be made entirely by passive meoans. -Positlaonng of the target
would reqhdre the use of echo-ranging to measure the slant range
ad Measurement of elevation angle to determine target depth. f
the latter case, described on page Z2 , of deliberately closing to
Hydroduct range would permit a reasonably accurate determinea-
tion of probable target depth prior to attack, the final fire control
solutiGn nmght be cousiderably Improved by eliminating the neces-
sity of measuring elevation angles simultaneously with echo-
ranging and final solution. in the case of "inadvertent" contact
between two submerged submarines, a rapid fire control solution
would be essential and, as in the foregoing case of Inadvertent
contact of a snorkelling taregt, consideration -could be given to
fu Use of active scuar immediately upon contact..

(4) The case ad a submarine defending aItelf against an
attacking ASV is fundamentally the same as the sub-

mergd attCker versus snorkelling target *e.efdt. the cam.
pUcations that the target would probably be astern-the subma-
rinse and the submarine would be simultaneously &aempting
e*asoIU U echo-reaging would materially benefit the subma.
rine's probability of hit, there ehould be little reluctance to
use ite at ieast under the last ditch assumptions described on
page Z2.
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(S) The fire control problem for the surface vessel-.
vs-submarine application of the Hydroduct is fun-.

4* s= z.a-• e as that for Weapon "A" or thrown weapons
such as 'Hedgehog." Bearing, range, and depth of the target
are required for all such weapons. The relative effects of fire! coatrot errors differ. howevr*0 and despite the fire central,

S~~~solution bet" mamnal an Identical problem for both
I ~Weapon Iar'f and the Hydreoduct# it cannot be- assumed arbittrar*-

Uly 69 the fire control system for Weapon "A" would suffice
for ti. Hydroduct. Weapon "A". for example# -has the ability
to '"sweep out" a relatively large depth error, an abilitif which
the fydzroduok does not have.

f, Th@ applicability of sonar and fire control systems currently in
operation or under development is an Impottant consideration in

determining the course and content at future development of Hydroduct sys.-
terMS. Detailed study would be necessary before reliable ce.alus•ons could
be drawn regarding the deficiencies of current gear for use with Hydroduct
weapoas sad the extent of modification of such gear required. The preced-
UKg discussite indicates that the sonars and fire control systems currently ,

! a"ailable for Weapon "A" may be applicable as well to the Hydrodct in.
$edace-tO-4QbMA1ne applications, As submarine ordnance, however, it
appears that the fydroduct would require modifications or additions to cur-.
rent submarine gear, particularly for attack on submerged targets. The
MBR-6 is tbe oely system thda provides measurement of elevation angle, and •

tids system has been under development priumaily as a passrvo means for
' deermining herisoutal range of a surface tajet during tracking. The same

priAciple COUld be employed as an integrated part of a fire control system,
with sMMmu"anOUS use of active means of determining slant range to enable
determination of tfrget depth, but the adaptability of the BQR-6 system It-
self to this purpose seons qtostlondl a. S

6
The fir* control computer requirements for the Hydroduct aret of

course, u=•ue in many respects. The complexity of solution and the required
iNVUtS would depend an the sensitivity of system performance to the various
eanses and maglitUdes of bias. Computation of the aim point relative to the 0
measured instantaneous position of the target, such that proper lead and

6 super-elevaieMt are enabled, constitutes a problem the exact solution of
which would be complex, involving prediction of all effects on bias introduced
by motion ot both the target and firing vehicle and ballistic devistions of the
Missile due to relaive motions of the surrounding sea water. However, It is
evident by intuition alone that many od the sources of bias and deviatios would S

* 1av negligible of minor effect an the bit probability, and thir--omission in
the fire control would be desirable. Detailed study adanalysis would be re-
Wired to effect the oiZmum COmprondme, but it seems reasonable that the
requeld inputs would be within reasonable limits* and might In fact be rela.
tively simple.
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Ire. LAUNC§HO CGOSIDERATZNS-

The requirements for launching psresent one-of the most intangible, and
0"S O1 the-most critical problems of Hilydredut weapon systems. Evem if a.1
ote aspects of such weapon systems could be revolved without detriment to
athe as' potentaities- a n underwater weapon, the penalties and
sacrifices of providing adequate launching means might overshadow all of its
p ouladvantng•s. This is not meant to bean assertion that suh would be.
th# case, but an emphasis of the importance of the launcher to the over-all
pe��fom an sd IWltne of yd uct-ystems. It is the launcher that threat-.
am to make the over-all cost ef Hytiroduct systems ecessive. The launcheri

* would Impose a "dead weight" penalty on the firing vehicle - a sericus covy-
sideration for submarines. Ccns•itent performance of the launchm wold be
a necesity to maintain low dispersions , The methanics particularly the
abtlty to train and elevate the launcher., would have considerable Influence
014 the fesIbility 09 thd vaxious possible applications for the weapon. With
the possible mepwtin af rigidly mounted, ixuwnovable launchIng tubes, ton-
siderable maintenance would probably be reqWixed.

Considering the nmultiplicity of possible means and configurations of
ImIgsyswenms and the signifiasmee o consideratiens such as those de*.
scribed above, it is doubtful that reliable evaluations of Hydroduct systems *

S•coU be made until mnyw CC the launching-poblenms have been resolved by
a-equat study, ansaysis, and test.

At.ough the launching requirements for Weapon "A" differ entirely from
tose Of the HydrOduct, and any aftempt at direct comparison would be meano-

* Ing0ess, the seriltousess and Imp"t a the launcher problem is indicated
to some degree by the Mark 106 launch,&r assembly of Weapon "A". This
launcher enables single-shot ripple fire of 2 rounds, each round weighing
500 pounds, at a rate of cme round every five seconds. A "1tedy- service"
m100a821 enables compietely automatic firing of all 2Z romds if desired.
The lmuCher io trainable and elesetablo. The complete assembly weighs •

* 4?,4000 pounds without ammunition, and costs approximately $500,000 per
roie In lots of tern. l r-qire conside~rable mainten• ee.'nd nust be serv
ieed by expert personnel.

The majority of past effaot -with the-Hydrodut .ha been directed at devel-
•opuni and test G0tke. missle itself, T4ets a-t•he 4. S5-inh test version wer-

Smae& with special test Launchers Sprovidifg rail guidance and- using solid pro.,
pelalu rocket motors for Initial boost - Design-studies of operational Isanchm
have been made but so such launchers have been fabricated or tested. In view -
of the preliminary stakes of launcher developnent. the sttsdy described in tbis
report has, not aiempted, more Oh a generalized ezamination of launching
pro pbleme. Following ~-ea e oz a! the &W. a sidewstams which
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are thought to cherac 'mie the Uyd nodt iic=hig p-blan and toIndicto
the need for fundamental studies of possible 4aunching systems:3

1. Since the Hydroduct is inoperable without suffiedient ram pressure to
enable tMe flow of inlt water# the launcher must provide for initial

boost of the missile to a 1"mlnimum~' speed befor free flight can commence.
It is intended that sufficiont boost be provided for a launching velocity of
approximately 250 feet per second. It is preferabLe to minimize the length

* ~of the launcher, and "single-~length" launching is contemplated. There are
numerous means by which the raquired boost could be provided$, and It is
obvious tha..o design of the boost should be guided by the consid~rati ons of
cost, reliabilty, maintenance, weights minimum hasard1 etc. No purpose-
would be served by discussion herein of such possible means of- boost since,-
u=til the basic launcher requirements have been established, no reasonable

4 investigations could be made of the problems of mechanical, detail.

2. Probably the most critical problem associated with the launching ays.*-
taen is the question of trainabilit~y. A variety of possibilities exists,

each having its ow considerations of mechanical complexity, wiLght, cost,
4 ~Maintenance, etc. Fromn the standpoint al nuaximu utility of the weapon.

the 'fUlY trainable" launcher, capable of rapid motion in both azimuth and
elevation, is the "ideal". From the standpoints of cost.. weight,, maintenance,
ekc.a the '%z~ed" or rigidly mounted launcher represents the ideal. Conipro.'
mis.. Include launchoes tzainable in azimuth only with fixed elevatton angles,

4and "eleVatable launchers with fixed azimuth angles. Other possibilities in-
ClUde fixed launchers with multiple elevatioce or azimuth seOttngs,# such as
Miouning launchers aboard a submarise to enable firing both forward and aft.
Some Amrvmn over rigidly fixed launchers,, but avoiding some of the
complexities of trainability, maight be offered by "adjustable" launcher** en-
abling preattack settimg of desired elevation and azimuth, but with aiming

* accomplished during the attack by maneuvering and trim of the vehicle. Tha
and Other Possibilities allow a wide variety of conjecture and supposition, and
only com'prehensiVe stuady and investigation could provide any realistic irdica-
tiOuis of the need for movable launchers and -Improvements In versatility, and
effectiveness possible thereby.

4 WFith regard t() the use of Hyd5roducts "3 submarine ordttnces, the in-
vestigations Of missile perform&=ce reported hereoin have considered the
launcher fully trainable (elevation asad aaimuth in order thiat the most sovere
possibIlities of cross current and tip-off effects could be examined. However,,
because G( the acUteness of weight and. space problems, it appears desirable

4 ~ 1, tOSconenrate initial offort on possible use of fixed-launchers. .Stu&*es ot
oanhrs a"d analyses Of the ismprOvemen toI system effectiveness to be

gained by trainability should continue in &ae Interests of eventual optimization,
but in Vi~w of the preliminary state of developnea c t and the many uncertain-
ties currently asociated with the weapon#$ ptentalities, #it- is considered

advisable to minimize the Inhibiting effects of compLexitlea and to concentrate
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Is the aubmartn~wvs-aubmar~ne applications, the "Inadvertent" caes
or other situations preventisg approach by stealth, would be mosý adversely
aitected, and pe1rhaps precluded, by lack of- launcher trainability, and defense
against an attacking antisubmarine vessel might be infeasible unless launcles
mounted specifecaly for that purpose were provided. The other cases of de-
liberate closing to Hydroduct range, however, if tactically feasible, would
be degraded considerably les by launcher- immobility.

IT IM surface vessel-toesubmarine application, trainability in both
astutut and elevation (or depression) would appear to he an absolute neces-
sty, hs beig urer complicated by the necessity of subsurface laun•hings
rather than deck launchings.

3. Since multiple firings of Hydroducts are contemp , the launcher
must provide either multiple launhing tbbes wUich can be selectively

fired in either salvo or ripple fire, or mesans of magasine loading must be
provided. The later involves mechanical compleuities, although offering
certain advantages if used in conjunction with a trainable-launcher and also,
pWhaps, offering a better means of reloading. However, if the launchers
weae rigidly maoted, the use of multiple launching tubes would be more can-
sistent with mechanical simplicity.

4. The problem of reloading is another important consideration in
(lndker design, and this is of particular concern to the submarine. *

The Icessity surfacing to reload is a-srious considervation and could
sevrzIhlnde Ike usefulness of the weapon. However, again in the interests
of aimplflcsicc, if rigid1y-mounted mltple-launching tubes were employed,.
the use of BsuMIfMt tubes to enable repeated firings should be conaider*ed.

5. As anoher basic problem, the opUtmm use of a low dispersion
missile with relatively large aimiag errors would require pattern

control. The '"pUuma" pattern would vary with target aspect and range, and
perhaps with oher factors as well. Hence, a variable pettern control and a
Variable br of rounds per firing would be desirable as a means of opfti
miming hit aes and use of ammunition. In submarlne-vs-submarine
applications, a vertical line pattern is the logicsa means of compensating •
errors, sad variability in this case would involve optimum vertical'spacing.
On cealp, however, mechanical simplicity would be enhanced by use of a
fixed patteM based upon probable target range s•d aspect, and pre-rst in the
rigidly mOuted Iauching-tubes. The ability to vary the number of rounds per
firing, however, should be relatively simple.

6,- WfltregMArd to salvo versus ripple fire, the latter has the advantage
of VAt o n the recoil loads on the launcher, its supporting

stmcture, and be vehicle and is probably also superior from the standpoint of
hydrodynamic it~eraction effacts.
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7. Thaw* &a* nay oastdrti m rk thana thotegivnf abon,v as for9
example k•4 haaa4 problem, which roquirs positive ejection of

missiles to prechude S. possibility of burning the launcher-aad hull, and
&ssumamCe etw an aSaSSd missile canaot cMtact the firing vehicle. Firing
nmehanisms. twng at missile ignition, possibi~ttes of water damxage to
loaded missiles sad lmmachr, and problems of corrosion are additional ezan-
pas. S9neere, un*t ir more basic and fundamental-problems discussed'
above have been adequtely inrestigated, conutderation o detailed require-

mats would be supea~xs.
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A. OWERAL

For the purposes of thiis analysts, the hydrodynamic properties of the
Hydroduct have been snamised primarily frogn,4ho standpoint of those condi-
tons or peculiarities which mig. . degrade th feasibility -and efectiveness of
the weapon unde operational use. To accomplish this study, existing testi
data for versions of this weapon and for similar weapons have1r wherever
possible, boen proejcted-to situations not covered by the teats,- but which
might be expected to occur in operational-use.- Theoretical studies have been,
applie~d where necessary to supplacent-test data -in establithiag the influence
of Important ballIstic-param~eter.-

The eilectiyeness of the Hydrodact-weapon is -ditectly relate to deviations
of Vie trajectory and dispersions resulting fromn hydrodynamic- and physical

* anomalies. As used in this part of the stuady, deviations are considered to be
variations, in the mean point of impact introduced directly and uniquely by
operational parameters at launching. They will appear in the form of biasesS
of Mown magnItude and direction, and will not be considered to Include aim-
Ing errors. Dispersions are in general-those variations which are the results
of physical differences between vehicles of a statistical nsatre, and hydrody-
namic anoxalil introduced by launching operational parameters which infsui-

* ace individual vehicles- differently.

Ordiarydis persion patterns have. been fattly wenl established in restrictSd
tests or smell test versions of the weapon. Tmhes tests are relatively few in
nuboer frome a statistical standpoUn however, they do provide as Indica.
tion of the dispersion qualities althVe general configuration and philosophy of
operation for preliminaTr evaluation purposes.

The tests referred to above were carried out under essentially statie coe-
ditloss, and do not provtde any hndication of dispersions unelgut to laucing
in salves from a movlag vehicle, orf dlevitidy d eviations W from known
launcher or launching vehicle motions at the instant of lanching. Since con--
cepte of operational use, of the weapon include lunchLv6 in salvos from maneu-e
wring vehicles, all of these additional effects must be evaluated, at Least in
order on agnitudep ao resulting deviaions end diapersions whicfobre the opera.,-
tional effectivenesseor feasibility of: the wearfn cans be more completely
asseased.

Deviations• .adisperstions h.-a p bmary intere•t- n this su and hinch ros w
q•siro evaluation are Oen those addiLtial ones that-arise through conditions at
launching Introdsced by variations in operating parameters end launching
mbetods such as latishing vehicle speed and maneuvering,- launcher motion,
direction of launching- type of salvo, etc. Variations in &hse parametersp
since they are assonyated with lachinges.smtally manifst themselves in
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variations in initial conditions at the begipuing of the trajectory; hence, the
resulting effects on the trajectory con-be evaluated analytically through in.
sevtlon of the applicable Intial onmditions in the equations of motion for the
Hydroduct and comparing he resulting -trajectory with a trajectory computed
for the statiasfiring case*

Conversion of opevational.and design-parameters into initial conditions
amenable to obtaining quantitative measures of deviations and dispersions

4 tcan be done couveniently in analysing the effects of most practical launch.
ing vehicle and launcher motions. Hlowevers data presently available do not-

" allow insertioa of definite quantitative measures of the effects of cavitation
(which can result froja launching from a moving vehicle) and mutual Inter.
ference (resulting from salvo launching) in the equations of motion. In these-
latter cases, this analysis is generally restricted to estimating whether or
not cavitation or mutual interference miSht be expected to occur at various
values of launching parameters without any actual quantitative estimates of
resulting variations In the trajectory. In general, data that are available
indicate that for a weapon of this type both of these items could be expected
to have rather large and uncertain effects an the trajectory. Hence, condi- * I
tions at launching which could induce either cavitstion or mutual lnterference
should probably be avoided. A general evaluation of the*e two effects can
then be beat expressed at this time in terms of restrictions placed on opera-
tional situasioms to avoid the occurrence of eithesr cavitation or mutual inter-. -
ference. I

4
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S*DB. INITIAL CON•DITIONS-4 )

The mua -effettl of launching.-vehicle and launcher motion4s to induce
cross currents at tie launcher and rotational velocities a-othe lauacher at •h-.

instant of launching These-cross currents and Launcher •rotation manifest-
4 themselvs In angle of attack or yaw and angular velocities in pitch or yaw of

the Hydroduct -as it leavet the launcher. Under some- conditions increased-
relative velocity cd the Hydroduct also results.

The infbenme a rectilinear steady motion -o the launhing vehicle in indi.*
ing angle of attack or yaw at launching is developed In Appendix I. The anglo -
Of attack or yaw and the direction of motion o[ the Lenter- of gravity as the
Hydroduct leaves the launcher can be direcdty expressed in terms of Hpydrom-
duct launching speed, launching vehicle aped,- and angle of launching relativ#-
to the launching vehicle. Also, in launching close to the velocity vector at
he launching vehicle the relative velocity cf the Iydroduct can be substanti-

ally higher thum thO launching speed relative to the launcher, approaching Me-
mn adf the launch speed and the speed of the launchingvehicle.

It the launching vehicle is moving in a steady curved path, an additional
eagle of attack or yaw is induced, and an initial angular:velocity is imparted
to the Hydroduct upon leaving the lucehrr. The additional angle of attack or
yaw is a fanction at the distance between the centcm ot rotation of the launch-
iug vehle and th end of the launcher,, tlheyspeed of the Hydroduct as it leaves
the launcher, and Ow angular velocity ofthe launcing vehicle, Angular rota--
lams of th launcher alone will have a similar effect in Imparting angle of
attack or yaw and angular 4elceities to the Hydroduct.

Since this study Is primarily concerned with submarine launched Hydro
ducts, all of the values of the operational parameters used in estimating the
effects of launch vehicle maLon are based on submarine performance data
Obtained tram various available reference materfia. For-•#he purpose of this-
study the launcher is assumed to be fully trainable in azimuth and elevation. -

Maximum speed considered for the launching vehicle was assumed to be 20;
feet per secoed* in accordance with daft contained in A dufreace 1. This is
near tWe ma:ximm submerged speeds (am hour rate) fbr the 'Xhtppr" and
"UWK" type se. Angles of attack and yaw induced at this speed for-
various a1es of launching. are shows in Fie. 6.-.-

A lamashing mmaui.e pitching. vabe at about.-- 1 per second was assumed-
from Reference It and represents t• eateme at full scale trial data on a
"oupp" type subarine in-a dive anseaver reduced to e10 knot (a 17 fps).
The angle of atimek produced by this efect is approimate-- # 00 radians for a

4 ') lanucher located 30 feet frva the cener of rota•ic. of the submarhme The
pitch rate of rotati insparted to tko Hydtoduct is .0176 radians per second..
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• • AU~ching subm~ine turning. rats were-obtainodfio Wd-•en~ece, 3 for a.

" " '•.033 •Laeam per second at rý fek~a-d spced-,o(.- 1144 per- second as typical--
of mere or less ezk0eme opera l values. T biducos an angle of yaw of,

5 ab~out .004 radns at lau•n for a launcher locte 0 feet Irom the center-
Sof rotation or the *mnrine

J Imown.. Simply to follow a surface ~~-r&ei~ too0•t per secon In---
-the Opposite smrecion fron ther latnshwe sob e rom a elin a e 20 feet orer

!second would oqd/re a rat* of rotation of abm* -.O0T;ra&u per second.for.- a

¶ ( ) Otappy" f- coErio.Tesevatao indiffecates mandaeou rnl- rate*s oer abcout

Swouzld be reqluired to follow a limit dive -.uenverr-a(-& 10-kiato submrouine,.03n fadi pe sure and stabailwand osut-a 400 pee-(d*fO4pe ce ). These

@ ofxatr rtess exig t bra.tca oeastionalor values*Thris indasces anaeof rawnchin
rpabote .04adians -at lauocing forg aluchretedset rmte etr

Their* ae, r of rotset miny cfsthet lncoheal efwhchs .f leuschine vehicle
SMnowimG thap wito ifluloce the trajectory* - For-/ia•reUl the flco paned•

around op moving sdir arine will In ite elfnintroduce ietrances in the dirfetip
os the doss streqm rt rthe ofrcher taich wof antOae lnais percondifonr.
Horever time d00 e t. permit evaluation. ofut .0k raddials problems in this

tundy* frd the srefent- ana•ysi i must utatess4rify-bee"otftted to those e•.rs -
ethp appeavos at mit hgve the largest s 4 nuenae-.4&*A •ectveness of the-
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A factr- wtdch may-be of -considerable importaneo in inducing initial
conditions of angle of attack or- yaw sad angular velocities of the Hydroduct at
launchi-ng is tp-oft, particularly if the launching submariae is in motion.

K Oit t ydrodct is not supported-rigidly by the launching during the
time it rmnains inthe launcher, both hydrody'a.ic and gravity effects can
'result in displacement o the center of gravity, and angularm-velocities in pitch -
0or y• of tMa Hydroduct relative to the launcher axis before the launcher is
cleared. Thee in-tram contribute to initial conditions of angle of attack or
"yaw, angulaz volocity# and differences in the flight path at the time the Hydro.
dact leav•s the launcher. The magnitwde and character of these initial eondi-
tions Is defeant on launcher design cbhracteristics and on operating condi-
ticas at lamnh•iug. Since the launcher-design is act established In fintl detail
as yet, any attunpts to analyse th effects of tip-off at this time must neces-
sarily be based largely upon assumed launcher characteristics and interfer-
Sacw e fects which may not be representativ. of the final design. However,
ceritla Ilustrative cases can be useful in bringing out factors in launcher
ds•pe;a and to possibly get some idea of the boundaries -of possible results ot
tip-Wf.-

S( Sudiies of proposed launching methods for the Hydrodazt-indicate that it
tmight be reasonable to assume that tberear of the missile is constrained to
native al Gou8 axi-s of-the launcher vl very close to the exit. Also, it
appears canservatio to assume that no support Is provided by the lip of the
Imacher after the maximum thickness point of the Hydroduct passes the and
of the launcher. With these conditions of constraint, and assuming that both
hydrody-amaic and gravity moments are effectbre, the euations of motion
describing the Up-oft are developed in Appendix VI. Resulting angles olathwk
or yaw$ angular velocities of rotation, and flight path angles as functions of
launching conditions are give*A in this appendix.- Translations of the center of
gravity dring tUp-off are quite small in all -cases and need. not be considered
In JWVer tV&raJetr analyses.
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D, DYNAMIC CHAR~ACTERISTICS

The magnitede and character of the additional deviations. and-dispersions
resulting from the Introduction *f vaious Initial conditions at launching out-
lineAd in tbe previons section depend on -the dynario* characteristics of the
Hydroduct itself and on the magnitude- and character og those Initial conditions.
As pointed *at earlier, determination of. these deviatons and dispersion* is
implemente through. solution of equations describing -the motion of the Hydro..
duct# with Owa proper initial conditions inserted to -describe the character of
causative factors.*

Agproimate equations of miotion suitable -for this analysis are given In 4
Appendix IL. From these equations the space position of the Hydroduct center
of gravity can be established$ along with the space orientation of the fliW palL
&"dthe axis of the Hydroduct-at any time during the trajectory. Comparison
of calculated twajectories, including causative factors of interests coveting the
range of expected operational conditions with trajectories determined without
these effects will give some indication of additional deviations and dispersions
which might be encountered. Knowing theses a cursory evatuation of the var.
ious conditions at launching can be made In terms of weapon effectiveness and
feasibility through hit probability analyses.

'1 The introduction of various Initial conditions in the equations of motion for
*ho Hydr:duct results in transients occuraing Immediately after launching
during which Me initial disturbed conditions are reduced toateady values, n
the Hydrodmat experiences translations, and rotations In space which are dlffr-
eat fromi te basic trajectory for static -launching conditions. Conditions at the
end of this transient period can then be considered as initial conditions for an-
easentially undisturbed trajectory covering the balance of the flight, Diffr-
Mene& in don trajectories at the target are then dii.-totly related to the differ-
eaces accumiulated during the transient kperi' I.

Xxaminafton ad the.-characteuistic equation for the liydrodut0 ýdeveloped in
Appendix U Indicates that the Ilydroduct will exhibit the general dynamic char-
a~teristics of a small stable vehicle operating at high speed in a dense medium.
Motions are well damped* and undamped natural frequencies are high, There-
fares any disturbed motion will be reduced to steady state-conditions in & very
short period of time. In additiosk the high launching speed of the Hydroduct ha
the general effect-of reducing the magnitude of Initial conditions resulting from-

Aritions ia-operational parameters at launching, Both of thes~efactorstend
to minimaise accumulated difforences during the-transient..

If the tr~asierit is of short enough dutationg tb.-inJoft4UVdzrg the transient
can be satifcoIl analysed on the basis of no weight, center of gravity, or
spooee4bang* the general form oftihe traustent in angie of tissexor yaw and:
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the flight path anglo for-these conditions has been developed in Appendiz 11.4
Tor the Hydroduot in the launching condition, and also in the burned condition
at a speed of 150 feet per second, these transients have. the estimated form
shown in Fig. 7. The nmotion is overdamped. and approximately 99% of the
steady state value is reached in about . 05 seconds for the launching condition.
and about .08 seconds for the low speed condition. In this short period of
time no significant changes in physical characteristics wouldabe expected to
Occur to alter the general character of the transient. The. difference between
transients for the burned end unburned conditions at the same-speed Is small#
being of the order of a 10% increase-ia transient time for the unburned con-
dition in each case.

The condition of no speed change during the transient As nqt strictly allow-
able since the equilibrium speed of the present Hydtoduet is shown to be depth
sensitive in Reference 4, with the equilibrium speed going from approzimately
V7S feet per second at the surface to about 158 teot per seennd at 300 feet
depth. At the greater depths,.then, the equilibrium, speed is substantially
lower than the launching speed, and the Hydroduct will decelerate during the
first part of the trajectory. An approximate analysis of this decelermatic is
given in Appendix V, which indicates that the time to decelerate to equilibrium
speed.is relatively large, requiring about 8.0 seconds at 300 feet depth. Dur-
ing a transient of .05 to .08 seconds duration, the speed change due to this
deceleration will for all practical purposes be negligible, and the transient
can ba considered insensitive to depth to the greatest depths considered as
operationally feasible for the Hydroduct at this time. Any deceleration to
eqmulibrium speed can then be considered to take place entirely during the
essentially undisturbed tr•jectory following the transient.

I.
4
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L- DEVIATIONS-

1. GENuRAL

jFor t.e Immdinated purposes af establishing the general order of magnitude
t vsritiats in th trajector introduced by cross currents and tip-off,

e46, s of the launchingj vehicle anid launcher during tactical operations will
be &*osned to be the products of deliberate, known, controlled maneuvers
with so random errors introduced by controlling elements or input command
signls. The main results will, appear in the form of deviations of known
Mreckon and magnilude which are dependent upon the conditions of flight path

anlle and speed at the end of th transient described previously and the dynant

Shie te transients in angle of attack and flight pa anle for theHydr-
&udt ad e of short duratiU an the traslations of the vehicle are small dur-

4ginw transient, it is sufficient for the purposes of this study to consider the
a date undistugbed trejectwy to originate at the end of the launcher, but
with the direction of the flight path at this point of origin being the value deter-

robed wit counsderation of the transient.

L VERTICAL TRAJECTORY

4 The vertical trajectory following the transient in angle of attack and flight
pa angtle occurring immediately after luniching can be conveniently analysed
rusig e o expressions suggested in References 4 and 5, and shown
In Aflwdiux IV. The general character of the resulting appro3dmate trajecto-
vie for representative values of launching parameters are show in rFig. 8.

q 9v and I. These trajectories Include the approximate effects of weight chaug% .
decoeeation ham launching speed to equilibrium speed, and variations in equi..
lhari speed. and variations In equilibrium speed with depth.

The trajec•onies- shown basically exhibit the characteristics of a very
stable body with a. relatively high ratioF o initial fuel weight to total weight. The-

6 equavnia angle o tack for moment-balance is quite small, allowing a fair
degree od downvwd curvature to the light path. The trajectory flattens out

eably toward the end of the Wght paft when near-neutral buoyency is-
apromached.

SAcomparisn•cfthe vertical trajectories for static Launching cocditions "
w" he taj e . ncludtfýe total estimated effects of Arosa currents and
tpw-tinddicae varistions in mnxaUmn towal deviatioa o-the-order of those
sos in, Si. 11 for various typical values of positive elevation angles and .x-
trese values oflaunching-submarine apeed. This fgure indicates that devia-
time of tIe order of 25 to 30 mils would be the largest that might be expected
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to result fran launching ahead from a moving submerged submarine. With -P

the Hydroduct limited to operational depths of less than 300 fact, surface tar-
4 gots at slatn ranges as low as 750 feet could be attacked with a maximumza

launcher elevation angle of approximately £50. From-a 60-foot launching
depth, this same slant ranse could be attained with a- maximum depressio All
angle of about 140 for targets at a 300-foot depth. For lower slant ranges,
higher limits of launcher elevation and depression might be required. How-
"ever* the probabilities of such target orientations might be sufficiently low to
enable limiting elevation and depression of the launcher to these values as a
means of reducing cost and complexity.

Deviations due to cross stream alone without tip-off, and hydrodynamic
tip-off, both Increase with incleasing angle of elevation of the launcher. Grav-
ity tip-off has the effect of counterbalancing the hydrodynamic tip-ofi effects
at positive angles of elevation. At high angles of elevation, hydrodynamic tip .
off can contribute substantially to the total deviation if launcher design is not
careftuly constituted.1

Trajectory drop-off places some limits on maximum usable slant ranges
shich are fhactions c launching vehicle depth and target depth. An estimate
of these- lutmf is shown in Fig. 12.

3. LATERAL TRA.TETCRY

The mean undisturbed lateral trajectory folUowIng the transient is defied
by a conditio of sero angle of yaw, thus, the projection of the mean trajectomy
on the horizontal plane is essentially a straight line, the direction of which is
defined by the flight path angle at the end of the transient following launching.
Some examples of estimated lateral trajectories obtained under conditions of
launching at various angles off the bow of a moving submarine are shown in "
rig. 13.

The high static stability of the Hydroduot causes it -to align itself very
rapidly with the direction of the relative wind, and produces a relatively sub-
stantial lateral angular departure of the flight path from the relative velocity
vector at launching as compared to a less stable configuraticn,

The resulting lateral deviations for-variaas angles mf launching and.
lannching-subarine speed are estimated in Fig. 14. Itcan be seen that these
deviations got rather large for lrachings at high angles -off -the bow of the sub-

* marine, appwoahin the length - some appWicble targets at maximum range.
Ilydrodyumic tip-off actually has a benefici*l- effect, at least for launchings
at angles less than 900 off the bow.

Hydrodymmic tip-oft duo to motion of the launching vehicle can have ratte
large effects on the lateral trajectory at high angles of launching due to the •

4 relatively large initial angles of yaw existing, as shown in Fig. 14. It has the

SWI
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effect of substaftialiy 'reducing the total dqation-over a large range -of.
4 launchinig angles*

Steady turning of the Launching submarine at near maximum rates is esti-
nated to produce devistios of the ordar-of Z. S Mis o$sstW• y independent

of the launching angle,. These estimates are based-on turning-characte'istcs-

Previously discussed in the section on-.Iniit Lamct•tt motion

alono for- the more or- less fictitious .case attsed in -tat -same .sotC.tO ,

would introduce only-about -3 mile aditiut4evtstioU*-.

The davitionf discussed quantltiaUV* above oxly wpplyr of course, to

the specific cases considered with-the assumed tip-off conditions Outlined

* e *lier. These devlations can vary conjsderabLy wi design aspects, of the

launcher and with variations in the design of the Uydrodact itx-elL Thus, they

cannot be considered a final quantitative nvalm in any sense, but merely re-

present a preliminary analysis of whbt appears to be the general order of mag.

nitbdo of trajectory differences that migbtb@ -expected to result from naria-

tions in operationl p4anmeters an the basis tof present -available infrmation.
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-T--..- .e. previews disussion.o. ered with factors that primarily induce .
_doviatons In the trajectory a( known amoumt-snd direction, resulting from
Variations in operational pn~ar ees at lau hing. These variations would
not be empected to Induce any dispersions in themselves. Any possible re-
su.ting dispersion effects would be dae- to-aggravation of dispersion already

•- ei"t"mg trom other causes.

Mn sources of syntrimn -accidental disporicm foi t a rotlting vehle-

aOe InufacUMin tole-atCoa resultilg in ft and thrust miSallgaets, rad
hUdl•g damage such as bent fins and surface dents. These items, In effect,

Ut as forcing terms in the equations of motion as shown in Appendix IU. Sobs-
tio% of the equations with these forcing terms included results in a steady stat
dispersion term and additional terms that die out exponeutinlly duuing the tar-
satnt following launching. The components of the dispersi, terms In the hor-
laontal and vertical plianes are oscillatory in nature, with maguitud dpeAmtit
upft the frequency 01 rotation and the dynamic characteristics of the Hydro-
duct itself. Ther are In themselves, for all prattical purposes, Independent
01 Owe initial conditions, of angte of attack or yaw and rate of chauge of angl of
atack or yaw at launching.

C) Te inherent dynamic characteristics at the Hydroduct appear to be quite
S 4 favorabl as f. as miuimizIng the effects of physical anomalies in producing

symmetrical. dlsperston., The hig undamped natural frequecy and the good
dampWn characteristic tend to keep the magnitade of the steady state disper-
sift term low% Actual dispersions cannot be evaluated antlytceallyb however,
since Io statistical data an accidental damage or nufatacturing tolerances are
available%

Lateral dispersion data from tests of the 4. 5-•.•ih version of the Hydrodecto
such as are reported in Referemce 6. ae indicative of the general order of
magted e1of symmetrical dispersions which might be expected to occur uadar
es*s$&tally static l&unching con/tSons.. The-average of such tests to daft
appears to indicate that a standard deviation of lateral dispersion of the order
of about 8 mile might be rasomable to assume as possible fot this weapon.
A standa•d deviati.n af voarcAl dispersitonof 16 mils appears to be coare-
spondingly ax4ceptabl. Saftiary tests, however, are still relatively few
in Umber, MAd statistical c.ftfuas iaterva• s are necessarily large, Howo.,
ever, these da", do give at least sone ndication, of the general dispersion
qualIties of the weapon for prellmlnary evaluatioa parpose,.

The lntro•etioa of 1'96' CG"Wtas , W, I -eage-of attack or yaw and rate of
change of "ale o atta•k or yaw at launching due to oross currentsa tip-off,
eto. produce deviations which can alter theinstantaneous dynamic eChseter-_

4
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istic* of the Hydrodetuct Auti the trajectoryy Sitce, as shown, in Appendix s,-
the maSgitude of dispersions depends on these dynamio- characteristic*, the dis-
persion pattern can be affected by conditions of operational use which primar.-
ily induce deviations. The caly affect of any probable importance here, how--
ever, cnes about through the depth sensitivity ofthe equilibrium speed of the.
Hydrodect - and any deviatiofs in the vertical trajectory which produce appre-
eiableeqilelbum speed changes may alter the undamped natml frequency and
damping ratio of the Hydroduct enough to give rise- to additional dispersions
which should be included in evaluation studtis.

Actually. asindicated in FigS. a. 9. and 10. total deviations in all cases
considered gwve a net decrease in depth at the target. This has the effect of
inc:reasing eqg t-rid speeds. which in tar should reduce the magnitude of
dispersions, This would not be true, however, for launching -at large angles
of depression against deep targets.

The large r"tio betwe the standard devialtcns of vertical dispersion and,-
lateral dispersion indicates that variations in thr-st from -one Hydroduct to the-
next are appreeable for test vehicles to date. This is attributed In Referenc•e
6 to diffitculty in controlling the Alalo grain during the maufacturIng process..
According to this referente. steps are being taken to improve this situation.
Later test seem to munda. some improvement over earliest results.
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The resuts of testsosuch as are reported I. Reference 6 apear to confirm-
the cavitatiavmresistem qwalities of the general- configuration represented by •
the Hydroductu These dat& indicate that-cavitation coeffioonts a% low as 0TS--
wer reached inmscme-ases before apparent IncipIme cavitation -o= red,
while practically o avitaitmo-appeared• to occur at coeffilaafts greater than-
.10.-

Data on-ther siaflsrLinned vehicles and an hydrofoils given in Reference.
7 show thatte cavitaion - ficient for the onset of cavitation wil in geneS
increase wih increasd angle of attack approxlmately as the square of the
eagle of attack. Projecting these data to the Hydroduct gives the estimated
V*riatio in cavitatta coefficient for-cavitation onset showsin-l 8-. 15. TheA.
results are expressed in terns of operting limits in Fig. 16, With angles of,
yaw fram Fig. 6, s*ae idea of possible limitations on operating parameters
*mposed by cayta•t• ad the Hydroduct can be obtained.

Frig. 16 inMacate thatbhe Hydroduct can operate at equilibrium speeds with--
out c&vtalag at d•ephs below about 55 feet at -essentially zero angle of at•ack
or yaw. Howem.r. wit a fixed launching speed of S30 feet per second, static
launchings at depths loss than 6S feet may produce cavitation. Those minimum-
depths increase with angle of attack or yaw exditing at launching due to cross !
atream aooditams. Launching limits for variou values of launching vehicle
speed and ngles of launcing are indicated directly in this -figure..

The effects of cavitaton on the trajectory would be very difficult to assess
analytally at this tine. When cavitation apparently occurred due to mxces-
sire speeds reach"d during tests of the 4. S-Inch version, the trajectory
ppeared to be extreatdy ea*atic and unpredictable. Hence3 it is probably

destiable to avoid comditions at launching which could place the Hydroduct in
situatiLns of depth, sped, and angle af attack or yaw. in-which- cavitation mtht
occur in accordance w•wit te figures referred to above.
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* H. MUTUAL WTINRFERENCE-

Availal-e dat appear to 9ive no Indicailco af the effects of intubal Interfer.
tncoe hottest OftAu vhcles of the Hydroduct type. Tests on cavity-

ing rocketss the results of some -of which are reported in Reference S, b
indicate Se tasahiag in salvos with spacing between vehicles, of less than
Mn to ie diameters produced extreeliy erratic nresulte and this method of -
lIunchig was cnsidered infeasible for operational use. Fast iip$@ ftirng
howevr -Prduced no erratic eft for intervals botw4'on missiles of down
to l mt .13 seconds. ThIus It appears th the nmutal intefernace
prroblem for the mHydrodzct should iot be serious if care is observed In space
bW s" seflcimng, F•u e l sigatioc I& required to more cleasly estab-

sh the its of Aths 0tms tsr the Hydroduct.
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The anps>~enihaOn at the pot*4tisa eecttiveness ale wao ytmas discused earlie in the report, itmOlves cocuiderabwmn hn Aer."1"Z'tOR Ot hit SA" kll proboum..s. Thene Is a tsuda~ to place trogoAe~si. cft Probability al kill a. h rteinaawepnscfetna am.d
""ep theb trtrohat *P#svfCv*,S nttkel is *U:'? ~, is ~'~fs mov h

desired remaj Of a liie afayie th~.gadU e mUrost
bass £t CC~uflaa should be viewed with Caution. Pfaaina

* ~~~~of th. many assunip uas upon which the. calculam c. 1 i rb ~ iisoan unguidwz missile is noran%& based, it is freyzaty thhaccuroabylitie aim
ftha exert th grekatet influence on the resigis, Inth eh acaeoff r t Oe aimrdutit is apparent that data regsarding Pertinent aiin p arseteoftre sydcan t sa

"in nc us #e and %ince the H ydrodsxt POsS O & te se t eCapability at highl accup.4t1 41& the difffcultY of deTerMblift an- usatita4a -aiming accaira* Cie is seri rp poblem . T he scope of this study did not per mit the lav estim"gamt required for &Any Wellefaads conclusions regard"aimg Suurrors', orthe Ov9*"alidity of oke basic aasumptsM that wold *a"I* htU Probabilti*# to becalcul ted a d sup o rt s beyond reasanige doubt, 1 1 oev er, as a pre imi ary*( ) ikveutigtta1 a of tis Problem, analytical studies were made of the relative tn,* fluben of moceni al opertu~w~ use factor w"icA were Zevioswtrt indicated tobe o ca em n ths sudy and h&"in Possible degrading effects On hit probeeb~it~s t Hely*droact. The resutat of *hege studies are described in souwwhat lears) terms sand tiustratsd graphicany an the £calomjg pages.
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Ao EFFEOTS OF-DISPER$IOW AND 6YST.M ER-tORS-

The degradation imposed ou hit effeIventess of the HydtOdct weapon sys-
t;= by deviatious end dispersions Introduced through operational use factors
discussed previously can only be evaluated in terms of basic-dispersion char-
acteristics and system errors involved in-.locating the target-end aiming the
weapon. For instahce, if either orboth -dispersions and random errors in -
locating and aiming are comparatively large, substantial biases introduced by
cross streazn and tip-off may have little effect on hit probability, and correct-
ing (or such deviations may be of doubtful values over large .-anges of opera.
tiOnal parameters. An illustration of this is given in Fig. !? for several total
random et-ors whica include both aiming errors and dispersions* The rela-
tive degrtdatlain in ng•le-shot probability increases quite rapidly with vertl-
cal bias for low tot ramdom elevation evrors•. and, unless corrected, rela-
tively small biases may reduce total hit probability sIgnificantly. However,
with large random elevation errors, substanAial biases can be tolerated with
ve7 iUttle relative decrease in hit probability. At large uncorrect!d offsets.
substantially Increased random errors give actually greater hit probabilities.
As a matter of fact, unless provisions are made for at least partial correc-
tion GC larg biases which may be Introduced by operational factors, there ma

4e some distinct disadvantages In a weapon system having lo* total random
errors. Hit probabilities in Fig. 17 and the following figures were determined
with tMe methods generally Indicated In References 10. 11, and IA.

The fall-Lft In hit probability with horidoea bias is much Less pronounced
than with vertical bias for beam sttacks due to the elongated shape of applicable
targets. However, for target aspects close to the bow, the relative decreae
in hit probability with horisontl bias becomes much more severe. This varl--
aliea with target aspect for the single-shot came is illustrated in Fig. 18. The
relative desradation in hit probability with-bias is improved with increased
Salvo sLSx, but is Increased with reduced random errors, asuis indicated In
Figs. 19 and Z0, for vertical biases. Comparisons of Figs. IS and 21 will
Provide an illustration of the influence of salvo slse and random errors on the
effects of ho&-.ontat biases. The salvos assumed here. are spaced vertically
to mrt,.iobatly in lack ease. Optimmn salvo spacing varies with
sygnte* -ervrrs, dispersiomn, and number of Hydroducts in the salvo.

As indicated abowe, total random errors conslit tu the main ad system
errors, -WhiCh inelude random enrors bi lcafting the tarzgot and Ir. 41iaimn
lamunaer oT sabmarine, and ballistic dispersios. The relaive influence of
each Of these makjor -Somrme& of random error an hit probabtiry for *alvw of
NydrVOafts with Oplmvm vertical spacing is shown in Fig. Ml. T figure
indicates that only with very accurate taget location and aiMia does improve--

Sment in disperslic result in a very substantial increase in exected, number of
hits. * t. 4 derably more-linprovemeat l .b afttaed by the same re&uction
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in system errors in all cases where-system -errors are relatively large. The
relative improvement to be gainedýby reduced dispersion as compared to re-
ductions in system errors decreases-with increased salvo size. This further
de-enphau•ixs the value of low dispersion characteristics in the presence c'
rulatively high system errors if large salvos are to be used to gain incroe
hit probability, Thus, if a high level -of accuracy is attainable in target I c...
tion and aiming of the weapon, low dispersion characteristics will insure a
high level of absolute hit probability. However. the requirements for correc-.
tics of deviations due to such effects &s cross stream and tip-off axe also core
respondingly high to prevent-disproportionate degradation of this high initial-
level of hit effectiveness. To fully exploit the advantages of a low dispersion
wnapo, it is then iinperative to provide other system elements having a high
desree of accuracy and the ability to correct for the effects of variations in
Operational parameters. However, in any case, unless system errors are
extremely large, low dispersion will be of at least some advantage in increes-
Ing hit effectiveness.

A brief investigation of the characteristics of fire control systems for use.
with the Hydroduct indicated quite a wide range of reported capabilities of
these systems in terms of errors in establishing the position of the target, No
data obtained app-tacv Z- be consistent enough for specific evaluation purposes.
However, the mean of scattered information on maximum bearing errors for

SC-1 Uh "JT" passive listening and tracking system appeared to indicate that a 5--
to 60-inl maximum lateral error in target location might be reasonable, at

alest for Intermediate ranges. These e'trors would probably increase A
shorter ranges due to relative target-length increasing the difficulty in estab-
lishing the cater of the target. Indications are that somewhat better bearing
accuracies will be attainable with improved equipment now under development.

The elevation error picture appears to be quite obscure at this time. The
only data available were in the form of an estimated range error of about 20%
for passive listeni with the "f7A"vertical triangulation system at ranges
less than 1500 yards with aurface targets. This would Imply that errors In-
measuring elevation angle of targets with the "EBA" passive system would be
CK the order at about 10 if the range error Indicated occurred at a maximum
slat rane of aboat 1000 yards from -listening depths of 300 feet. This agrees
with the inzaummn error of 1. 40- in elevation angle d educed from trial data in
Refernwsn9 for ratnes of the order of 1000 yards and keel depths of 360 feet.
Ths laore, reference expresses doubt as to the certainty of these estimates,
huwMver, and Arbitrarily assumes a standard deviation representing a .wixium -

* eOr o about fomr-times this value la-calculations of hit probability in shtt-

Trial data referred to inaRference 9 also indicated that elev&tion angle
accuracies improved at the shorter-rang*es. This might be expected, since

* water conditions weuld tend to have less effect at shorter ranges with larger
elevation =anles.
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With suhmorged targets, it wouldbe necessary to echo-range to fix the
position of the target; Range errors would then be quite small, and elevation-
angles obtsined with the "hBA" equipment-would have approximately the same

R errors as those discussed above for surface-targets.

Since the information ott elevation -accuracies attainable with equipment that
might be expected to be used for, this purpose.- is of such an inconclusive nuatr-

the most that can be-done-here is to estimate the general-influence of varia-
tions in elevation angle accuracies on relative degradations imposed on weapam
effectiveness by biases introduced by such items as cross stream and tip-off.
For this reaso the figures at the end of this section aVe based on several
values of vertical random -system erroas lying gentrally between the extremes
Indicated by tdrl data and values assumed in other similar stvdie a.

Insufficient time was available in this study to assess the errors inherent
in actually aiming the launching submorine or in aiming the launcher. Assum-
ing that each of these errors does not exceed 10 in the maximum, the incream
in standard deviation of system error would be small with the existent standal
deviations of error in locating the target as high as those indicated above and
Sused in this study.

With typical possible random errors in target location and aiming of the
order of 20 mile, fairly large biases can be tolerated with relatively small

-) percentage loss in hit probability. Over most of-the conditions shown in Fig.
SII, the redaction in hit probability due to uncorrected cross stteam laMdhinsg

* • 'Fig. 20, '1 not exceed IS% to ZO% fdt intermediate ranges of possible
system errors. E stimated lateral deviations including tip-off in Fig. 14 will-
cause only small percentage losses in hit probability, even for attacks well
away from the beam of the target (Fig. 21).

* •Individual effects of launcher rotations and turning of the launching submar-
ins at the rates established previcusly in the, section or "Initial Conditions"
would.av. so appreciable effects on hit probability.

D" to ghe elongated nature of the target and short time -of flight of the
Hydroduct. relatively large ranges of target motion can also be tolerated with

* little reduction in hit probability. Fig. 16 Indicates thatj at most. only about-
a 10% reduction in hit probability would result from a submerged target travy
eling at IS feet per second at ZOO faet depth -if the launching 4Abrnarine were.L&t-a
the same depth (Fig. 4) in a beam attack. There would be essentially no do--
gradaticar in hit probability for uncorrected tariet motion in the cast of an
eight-knot anorkalling target for-a, beam sttack from a 200-foot depth. Com',-
parably low degradatiMons in hit probabUity would be. expeat*d for most Br_•_a.
Cal situation involving mdvdg targets..-
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oral TIre ad Rubber Company. Amass, Cs&fornia.,Jaaumar 2953.

S* Fre 55&rwsterkLauuch *of the 4. 54h.41 o10 -ouTest* 4 C) 6 Deopartment, U.S. Naval Qrdnanco rest Staftin, Inyokera, Chim-
LksCsiuornsa, 27333.e1952. (SECRET).

6. Dit 0al thf 4. 5-In. Alelo *yrduct, Reports No. Lfll$al,
LZSlSeZ. fad L291S-3, Informal Reprso Progress, Aerojet.-Caneral
Cerporatta Amana, Califer~as, 12 May 1953, 2 June .1953, and 29 June P

1"3. (BECaT?)
T. F'WdDra tea, Sumnuary Thcbncal-.Report ýof Dtvtsicc'4,-NDRC, Vol. ZIV-

Wasingom.W.-~s1946. (CONFIDENTIALI)

Mu)~~ .1ot the 5-lu. Underwater-
RA" 1 9lssi#U ,-NT TM No. .695. Undo- fister Sale._

Italcs MUM$~aUnderwater Ordnance Deparkues, -U.S. Naval Ordnane-7
j ~Test Staticsv Inpokema, China Lsak, C alifornait 6 Ddeember -1952Z. (COMcu

asslI. LAG Report 135, Departnent-t the Navy, -Bureau of Ordnaaoe.-c.
Washlngkia 251, -D.C-.1 3 October 1931.y (SECRET)

t~g ntmnu Snbs o PMks and hots in the Presence of Srsteinttc, Ertor;Q)BIL Report No. 241,# Ballistics Research- Laboratory, Aberdeen Proving
Ground,- Maryand, May 194?. (CO&FIDWTIAL)
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I1. BasLe C onq2t1 of the Theory of ,r.babtlt. as. App•I•-to the Evluatton
t aof Military Weagon, DR Report 1293. Navy Depsrtnest. Buieat'of Aero-

1vr nautics, Washington 2S, D.C., Mairch 1951. (CONFIDWTIAL)
12. Probabilitv and Sta#tsticaSI tdties in Warfare An ias, ,Summawy Techni-

cal Report of the Applied Mathematics Paselsr MORG. Vol. 3, Washingkon
D.C.* 1946. (CONFWDENnIAI.)

¶ I.13. A Surve .spot on Anti-Submarine Weapons Syst .s, Panel an Weapons
• - Systenms- Committee on Undersea Warierw, National-Research Council,SJuy 19S0. (SECRET)
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)1. Research, D.eveo *mntý and Testijim of Underwater Propusion Devices.
1 Varth tb? 31 KxchI -1SI Aerojet Repot No. LSO 55 Aeraitt
Xugineering Corporationy Aims&, California, I1I April-1951. (COIIFI-

DJtiTIAL.)

Z. Researc.hA Deve1oPIn1Ut, god Tgstftg of Underwater Pr =!!$ion Devices,
I Juld thr2Wg 31 December 19S1 Aerojet Report No. 579, Aerojet Zm-
gin@*ri31g Corporaitio=& A.l~csa. esr~i 7 February. 1952. (C44F1.-i
DZNTIAL.)

43. Researcil, floyd eMAt and Teatin of Underi..ger !ý icn Devices,

LUU n 0 ut 92 Aerojet Report No. 61, Aerojet ikgn-
**if CorporationAzua. alfornia, 12 August 1952. (CONVIDfl(-
TIAL)

* 4. DevelOP for Anti..Sabmarine Uge. Underwater Weapon* Ohr then tor-
*1odgea and d~Ir " -" n ir =o C tIrol Ega!&ea

lIv~ic LthltoSumrie Operational Aequixememt

(SCE) gos D.C., 31 July 1953.

4 (j) 5. The EnmMedium Ocean DA Sumrt.o 1956, Lockbee

Repor NO5. 767 ~midArcraf Corporation, Burbank, Califormiai

* ~~~6. rbsoible Soviet Subaie zf15 ~ 1962,. LoeIee~d Report No. &535,
Lmockbeed Aircraft Corporatiai, Burbank. caiIfomia. 14 November M92.

7 * Rocket and Undorwater Ordnance, N DRC -Di'. 3. Vol*- I, SuUUXary Tech-
nia eot Uthe Natl;ýDeiesa a*'search Commnittee. Washingtont

* ~D.C.g 1946. (COIIFEflTIAL)

8. A SUarieX at Subsurfac# Warfare, in World -War TIe NDRC Div. 6& Vol,, I,
SuunMarfy Technical Stoport2 Now thMaion~al Defene Research Committee.
Washington, D.C., 1944. (SECR ETI-

a9. Operatiorm Research Methods, Div.. 6*_VVe* 21A, Sniunty Technical Row~
p~rt Of the Nationak Miefnis Research C4amitftej-_ Washinagton, D.C..
1946. fCChKPIDtEfTIA-1)

10.: A Theoretical Basis for Method. -of Swmarch u~~ei~ Dive 64 Vol,
4 ( ~ZR. M;Mar&y Technical R~eport o2 the Nafocal Defenseesearch Cam-

mditt., W~sblington, D.C., 194". (CON~FIDU4TKAL)-
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risteniagýytsnsUtrwater owdýqiment 1, NDRC Div.
Vol. 14, n Technical Report o the NationaL Defen~se Research 0

Committee, Washington, D.C., 1946. (CCtFIDENTIAL)

IZ. Sonar Echo-Ran 1ir Systemsa• Underwaier Sound- Ri ...ent I, NORC
D1v., Vol. 15, Suniary Technical Report of the National Defense
Research Commiftee, Washington, D.C., 1946. (CONFIDENTIAL)

t 13. ASW in World War It. OSO Report No. 51, Operations Evaluation Grouji.
Offce -of he Chief.of Naval Operations, Navy Department, Washington,

.1 D.C., 1946. (CONFIDENTIAL)

14s. Underwater £xpLosio Researeh, Volume I - The Shock Wave, Office of
Naval Research, Department of the Navy, Washington, D.C., 1950.
(UNCLASSIFIED)

1S. Underwater Performance o@ Sub-Caliber Anti-Submarine Trainn Rocket
- Part!, Separaftio Tests, NOTS TM 569, R. H. Haraidge, U.S. Naval
Ordnance Test Statimn, Inyokor China Lake, California, IS Septembea b
1951. (CCnrwznnIAL)

16. Blast Effects from Underwater Rocket Motwos, NOTS TM 574, Thonas-
. Layton, U.S. Naval Ordnance Test Station, Inyokern, China Lake,

* ( California, 12 September 1951. (CONFWENTIAb) *I

17. Sail_ ofý HOf ad Underwatii Rocket* NOTS TM 611. James B.
endv0ck, U.3, Nava-t e-T-T i m, Inyokern, -China Lake.

Caliornia, 14 January 1952. (CONFIDWTIAL)

i8. Preliminary Imves atio of Hi U Ned-Underwate Rookets

NVW3 TM.508-46, D. J. WCor. U.S. Nava Ordnance eTot a,..
Inyokern, China Lke, California. 28 September 1950. (CONFIDENTIAL)

19. Feasibility Sftoy of Unided, Rockets for Submarine to Surface Ship
Amplicatio, NOTS TMC IZ6, R. C. Davis, U.S. Njaval Ordnance Test

4 Station, Inyokern, China Lakej- Cafornia March 19S3. (SECRET)
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APPWDDC I.

INITTA~L ANGLE Or ATTACK, AND FL3AIT L
WI7H REGTEINE~AR MOTION OF LAtTNC L *

4.C

)A +

VS

si4

VR V_3 + Vmz + a.V VC

VS = imwnhing -vehicle velocity.

I ( )VR reaW4iMv velocity of the Hydrodfuct (fit
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SECRET.c L~~JA th rm~ati. trajectory, uif th~feblucing wekt elocaty vwcwoits lies &

naug!. of attack

P a &"I*gl of H odcrfi ace ax soea Appendixt rf

aatka,*a latermal trnjettcwy,

A-gl of atyaw f
MA 'iy a nleoft HydrAcdm rqiorsmne wiaidseea Appendix U

In, nlight pass 6 )."

SEQIC
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SECME

EQUATMOtS OF MOTtIO

VUIEC-AL TRAJ=CTORY

For the purpose# of this study,$ it is aufce~t wsdwthe minotia *a he-
late" pbaean ~d vertical ptane-sepatatyVaud independently. With the &"dk.
timma assumpims that thrust equals drag aad thud the eagle of attack Is smdlý
the eqwUatms at madmt&sL the verticail plame can be wvi~te as shams below
with the assistmnce at Ui* static force diftgam otF9g. I*

Wkere A, Z.4

dLSit

A3 -(W- 3) COSv

i kr dCi, S41
Q-a

SdCL 1
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d~l y

T. t*1* -

F~w~e and enta n thf seawtort equatas a/ wite ntem o

Wa a15sste iu&te ows ziial ontn lluh drtamo h

() relaifre * ,~n vtow anum ihpsitv -W+B-(Iclds pointindon maA*) Athese zw.

slp91tetgbe nfcia ~ao

I t* monentat aerta M4%-z+ vks'alil a
M ptjctdfotial nrtial otf bo04ft
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Scj - coecwiint of-apparent mass for longitudinal motion*
k k3  coefficient of apparent massa for lateral -motion

Mg = coefficient of body upsettng mnoment I- V Z~q.k bf

and the remaining-items are defined-In Appendix I and-Figs. I and 2.

With Constant mass*, Inerttarad pe#En euti h o.
II lowing:

J Aj la *Aa S2BAP
at +

+B; A3 B- ( AZ3

This isafofm (ann d ZrgF+Wnedt- 443.c 3

C' - the .SClflion oftw~chh is -

at(t) ac .- 44aIc + 4 2 CS'~t~
IC-

GaI and CZ' are evaluated from initial conditions.

_04".I: With cross -current condtioncs, but no -angular velocity at
launching,

ta(tinO)" - -

-A)l. AS-

Therefore, &L (t - oj - a

%bowace Lamb, Jj49ygg O~yji4j*. New YorM- Dever INbliCaiiunu, Inc., 1945,
page IS.
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AAz-M

where ~ =%.-evr

AV r

1 AZ 5AZ I

lZA-4 S e..r Z
+ Y

C3

o ~~Cý. is the staly stAt. angLe of attack.

~MLW it6(t a 0 to not'-meer is.&C ioe t case of eesrn
laumnching stab uterine 40TWhe tIpecU'Is pr~geset,

aft O) -m

j(t o) a=

Therefor, 0~ +o (~4 .q4At + A3

-, -e

pige 8t*94-
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-'0 J

The resulting t*V40 n 0*4 at-nge 1' o*indfwý integ~atififfxq. ()is for Gase ..4

S-- 40  .-- I A-I + Aa)'CI el + "+ AJ. Cal

•,_% ,,, At •.÷,,•|•÷Atm V ' . A l. .e ,m -. ,-' --

it]. 
9 path[

(A-1 C3 +r A) 4- AZ) C I' + -4- 
4C'

For large It", 4

V ro At C3 + A3) 4f AZ)G I'+ A
mv +A- 't .m Q + AZn•. Cal

The coeffician of the first te ,, represents the tau of change of flight pathangle. Fran this eti 1'&aacn )t cab bo aOta that the dowi rd te e arli e s f tlrwfLight pJa"h Which rpt~oseuto trajectory doP~oft, decreases with incereased netbuoyancy and Increased steady StaIO angle of attack. *Thus. low density velaktwfth relatively lop static stability will exhtibit the flattest vertica trajectowies.6Il'those eapessloms -C11 and Ca' are tho same as those shown in the tran..-stout for angle of attack.:

For Case H when 6(t am 0) V& 0, thM-walues of Cil and Ca' will ieol~to- 0the initial C&Msdicam *f dit me 0) so 4o -In accordance with the earlier discussiab-coacetrningthe transient in angle at attack.

SE~CRET
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LATE•fAL TRAJECTORY YCUT

The lat~eral equtions of motion can similarly be sat up in terms of the dia-

Sgram at Fig. 2. In thia case, the space reference aids from which t and A.
are measured Is conveniently taken as the velocity vector of the launcher 4e
the Instant of lwaancingr The aproximate equionsasor small yaw are then as
follows: -:

inVt. .KIP .. .. (3)

(4

Whore

K1 = -~ ~~dCL

a dCL P
K=M a a.

Cl = -- tz
a ,

7 r

* .

1 Fig. 2:

P~age 83 of 94 SC



Trs~wnt n Mte ~YawSECRET

3gmtin l An IL# lit Of-,|ii/~i~ _iU.I!iiL u d n ~

WIth costant spaýd, mass, and inertia, the differential equation in yaw ist

K Ca Ca"K. rZ KI

vdt - rJAt L:- .t 1Z.'t1,

ýý*c v zr VI"O + Cz" e"'% V7777 L

e ST• ith cross cnrret conditimts, but-no 4•agular velocity at Latmch-

te(t= o) -

(t- 0) o

K' £1 isczm - '',.• - .: - c
Ca =

Cal& If 4(t = 0) ."Itomerso.- as for- tht case of. a mnumwuertcg
lawuncing submarine or .wha.1 tip-off is preosent

ISO, go0) m '00

Pe(t-4o)f -4 SC
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40 4d
r Ka

in in i

.' 0[1 - I_ _ -[
L XJ

cz st.-.I-,, F$Xl I'TI
Trsaslent is Fflubt Ma AgAf.

s egratian oa Eq. (3) gines for the fmight pait angle.

I• ~ ~ L~ 1) Cla O Z~ 4zt$n,-

* 4.

=~~~ aW-a j n ci *- + Ex+ Kz)z.

* 4j. KZC". tw~+ Ka-C?' *

Bent fixs or misaliganment arct as forcing terms in the equations of motion.
As an lflnstratte,. for the lateral plane motion.

XI%%- K+r - 4*.O K4a inewt-

IaCgaL + Z o.c4e sinadt-,

where 6 is- same aceptale staistic of the distribution of minalignmnent or4
bending,. and 40 Is the froquescy of irotatto.- of the Hydnoduot about its ants of

This results -in a slnnIW ftd l f ýn-e function -iatho dtfferental equation for
"angl at yaws

Page85 o flSECRIET
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Ptt

The t 6Mxv tepresets the steady state value of since all other terms
die Oat eapaea ly. The coeficiemt in brackets, in thi, s*tady state term
skould be mail for the Hydroduet for resemble vatuos"of 0 since the
vehil is we il Oped and 14 it ibnerently large. £.erim• nts an test
velons appea to bear out the fouamentaly low dispersi•n charactriatice
of tw lfdroduct "s fa as symmetriza dspersions are-concerned.

A ratter large sore of dispearsm appears to be tkehoieult of random di4-
fetresc in Crust between Hydrodects during the t..t run. This would have

e effect of assmtiallyy varying the equilibrium speed fr om e vehicle to the
aesd Mwold resltm mainly in diepurns in tmhe. vertical direcinon. Sone

samaDrY effat n wymnetrical .4lsperslas might be expected from iarts-
tins in the value of on and t in the steady stat. dispersion term which
would result hem variations in equlittivm pee".

) mtl anod =2 can be shown to consist of iaitia condition terms and terms 0
cantatning S ticku wer of-pau dws another. Mmee, the Wntial coct-
tins in thoeasetm would u-39 b* #xpected to contribute directly to dispersion.
HOwever, as paked at above. if initial conditfis result in deviationts Ea•
MWht produce Chn 3es in the eharcteris mot ,,otion of the veh As., dispersions
frowm manabrlug telerances or handling damage may be alteedr.

Page 86 of 94 SECT
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NUMICRICAL- VALU•ES

Vaic od theo onstants appeexng itn-the.-equatlons-K in 1ppentix U1 are
estitd to be as follUows

40eL 6.43-per rad

5 ............. .............. .4 "I ft2

4t ..................... 2................... z. it

W ...... * ......... .............. . . . . .11 ."/

.... .# ... .. .. .. 1a*lI .7 lb

V * . . ....... 1.762 ft 3

k .. 029

I ...... .945

* ..... .zo i t

At the lmAuncng spsed of 250 fnteeper-•ncond (unburned), ,

Aj I a -178S, 000 lb

A?. --K2 m -1845 lb see 6

A3 5 102 lb

Bs aG I -2#9.l000 lb ft

*2 - a -4,790Olb t see

B$ a3 -,.3 lb ft.

I 1 .6 slug ft2 (lmAcudieg viortal- ineutia)-

m a to slugs (inchli v *Kus)al*e"

Page 87 of 94 SERET
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With thCSG values the damping-ratios C Is approximately 1. 1 anid the un-.
-damped *&tural frequency,4.,, is approximately 25 cyc~ea per second. The
C, ~roots of the characteristic equation-are Al -.93 and AZ -249. The

steady state angle of attackg G3,, is.aipproximately .00047 radians. Ini the
burned condition (IS seconds) at the speed of 290 feet per seconds

W A 132 lb =n 30 cps

m 7.6 isugs -89-

1 12. 9 Glut ~ AZ -376

t M 1.3 .OOOS6eadianS

At a speed of ISO feet- per-s3econd (d 300 ft),

Al Ai -64*00O1b BI 93300lbit

mZ .. 1#108lb-ew BZ -1*2880-lb ft sac,

In the buarned condition,

0 ~m1.24 A-5? *

C3 m .00158 radians

a~g 6.1 of 94 ir



SECRET

APPENIX~ TV.

, APPOXIMIAZ TRAJE•TORY EQUATWKSN

With the asumption of a v••y fiat trajectory, the equations of motlio in this
verts4a pls have been developed In efere••cos 4 and-5 iato aomventit ex-
peestins feW the vwrMcal t~rjoctory of the form.

•- g S(Vw)

A., Voosv

whe- 5 (W) ÷ -k)

W

' ZV(k- ki)

These Hteme, and hence g*, wiU vary with the -weiSgh &a fuel is bumned.
With a burning rate of about 5.5 pouds-per uecondi whth-.orrespows to a
total burning time of about 16 seconds, the xpreussion fLor. g becomes:

sl(t) A .284 - .0098t .oool1st3 - i

Sy = --Vo sin pt -- (.14Zt2 -- 0,0163t3 - . O0001-"t4)

of the trajectory

P~ag: 89• Of 94
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Te value of V is a funactio-of depth and also of any deceleration which
takes place after launching Hence, a stepwise integration-is required in .( •establishing the trajectory.

I "I

1• 11@

4C0

4 . It
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"APENDIX V.

DECELERATION

The a&pprOxImat force equation along the direction•-o the x-axis of Fig. 1
tat 6

MVn W T--D

The variation of thrust and drag with speed for the Hydrodtet-is illustrated in.-
Fig. 3 c p4•e 13. This figure indicates that thrust-varies approlzia•ly as II
the speed, and drag varies approximately as the square•vt the speed at any
given depth. Drag due to engle of attack and other higher order effects are
usgUglbl. for all practical purposes. Heace, the above expression can beapproximated in the form

mY -- LIV 4- LgVt-

"L. •,L m V • and.. . -- 2
yZ

• The"e a"e 4 t .at .Any fixed depth.. When integrated,- this expression giVn;.
at am* depth,

$ Ta Li Ljlt/m)

Ll + LZ Vo (I .Qe s

V- final speed

-o initial speed

AtSO00teet deptk, Li 5. 0 and L1 U, O -. 033. tUatag theaevalues.0
approxiatly eight socon4s are required to decelerate fram-e initial relative--
speed M Lavhing of Z7O feet per second to the equilibr•twn speed for that deptr.
of 150 feet per second. Deceleration to Z50 feet per secoad at 40 feet depth roe
qatras about fotr soconds. These same values hold also for the case of the
lateral ftraectory.

Page 91 of 94 SECRET
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APPWND( Vt.

0 TIP-OFF

The apaximate equati•n *( vertial piane motion relative to an-axis
systam fixed with respect to the launcher# and -with the orhlgia-* the center
ad gravity of the Hydroduct at the instant-the maximum diameter passes the
lip at the launcher, can be -writte-s

m~m(W "B) cos~ R - L -t AZ i ... 1

161 = Mf - BZ6 1 - .ib -RAt - it ........ (z)

wheoe R w launcher motion

= body upsetting moment--s " X IiLV -(k- It

as initial angle of elevation of the laundher

0 ~,•

• it

() ~Fii. 3
SERE
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With the assumptions that- (1) the rear of the vehiclc is supported to mo -

along the axis of the launcher, (Z) tho y-coorditkate of the point of support0 ~does not change (rigid lauiwhe), and. (3) no support, Is provided by the lip I

of the launcher once the mauxiawa diameter of the Hydroduct passes it, the
condition of constraint becomes:

With those conditkia A.• was ptiansj the equations can be combined to
givet

El-= j IB 4 (-W4.3)ft CosO 0 .Mft - b ..

AssuMing that tht iAetnent-iaeugle of attack d*vezoped at the center of-.
gravity during launiahng is small, er A o - which is a known effect of cross -
stream cnittions at the launcher.

The solution of this equatOU--is-

"" _ EzM t ICAZ .-- Ba

-Z ,,. A_ j .. ,
and l-- -

"" 4

For the HfYodqact ia aunching condtion at a speed of,250 feet per secondt_

91 a -. 00021 O -I 0 o -- .00001- 4 .+50ISo64[ ... .. (4)

*1" i1 -4,03SA , - .0=9-1-+ 23.3&"

The fir&s two terms-/44wequations are the effect4 of gravity tipoff alcne,.
The lst tawr is the hytodynamio tipoff effect, For the condlition aasumrz 4

Page 93 of 94 SECRET
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here, the hydrodynamic tipoff effecA will predominate at angles of elevation

oroabove o 10t and can bectme quite large at high launcher elevation and
launch -ngwaubn e speed.

In the ateral trajectory cct=u, III of the gravity and buoyancy terms drop
at, and " ly the hydrodynam)c tnm remains. Thus, the tip-oil effects for

laumching ofa the bow of a moving submarine will be more extreme than any
occurrin in the Vertical plane.

The equations of motion for tip-off shown above are written with the
ass ~ Umto , hydhrodynamilc forces and maoents are fully effecUv&. This"

'a probably.•ufto'serOnetdVe, Sin•G- blanketing effects aif the launcher wo~dA
tend to hwve the efect of reftcing the contribution of elemenets inside the

laUncher.- AemUyp the forces and moments aS e probably time-dependent &
the vehicle learn the launcher. Since there is no way to assess those effects
at this time, they are not Included in this analysIs.

Also, the conditions of constraint may be altered by launcher dosign can-
sideretidxs, such as flexiblity and clearances; however5 again little is known
about the laumher design at this time, and the conditions used in this analysis
may not be representative a the final configuration.

The increment in angle of attack inu~ced at the center of gravity by rots-
Vocal vetocities developed during tipaf is approximately -0st/V. Meg-

C ielloking ti InCraenet duriug tip-off introduces e*rNr of the order of about
10% In 0 asd 6 which, in view of the other assumptions and approulma-
MU Umsed, ate for all practial prpos-as ugligible. The actua Increment
In angle Of ttack should be included in the initial angle of stack for the tra.e
sint period folowtng tip-ct.

A more exact solution could bo obtained by a step-by-step integration of
Eq. (3) over short time intervas during 4he tip-off.

I
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APPENDIX 1.R~~

DIITAL-ANGLE OF ATTAC~K AN~D FL~IGU PATH ANGLE-
WITH RZCTJNZAR MOTMO OF LAUNCHWO VWMCLI3

VR 0

VAM

where VIA Hy4toduct wetacity etJatve to $he. toniwbhr-

V5 lmaacbwg vehicle vel4Oity.

VA zelslv* velocity of thm Hydroduct m~ight Psaw
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'a he vertical *rajectory, if the launohug vewcu velciy vco lgS

A acc angte of stack

a "Agiangl Of IfY&drcdct referucce axis aeApni

sM in tUe lateral trajecftoy,,

A agl Of a ~ yaw

path ~~a at eAppeedig 11
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ZQUATIOKS OF MOTION

vznZcaL TRAJECTORY K-
For t. p'rpnses at this study it is Suazfltea to easider the mattes io the

lateral Plane MA4 yf*rU plate sepeWy sad *aensty With the tddL
tishat assanptieSmA thattrus equals dreg vAn that Ute amSs) of attack to small.
the, squafts. at inflict ia the vertical plano ven be writse &a-ssbown belowwitl

saYS' m- Ajat +A.2 0,A3 ... .. . .. . (1)

At -C

- A3 a(Ws5COGr

ta. N~a~l CL -
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SUT

DV

ngt. I

Foamad nw~n in thi .se at .qusftts ame writfte-ia terms df a mov-
I"g ax. sysmn sla. an os ieuauy pointig slage i. directon at as
reb&Uwo wASd nocr .. d-a. wmnitj ;amnis peintia doam. In tems.. esup

Ulif corve s~aps . the Ut. based oa hrmantul as*& af t.e

S - rojeced frotmal area at body,

Ta- trmst4,lb-

Qs nqums: gk3

Vswegbt#lb

em ~ ~ 4 Boata g ±l (anges sintai masss) slhgs

68 - b!mWAte at Inertia a Zqa *e &.w e s of
a nrktaaifaertt k', H
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* * * SSE0 6

kI~ m COWUAcleaskidppar sat mass for longitudigal thoU00'

k =coefficbmt~&appareniass for Ielatr.1 motie

Mf w codhaicmktdbodyupsetta" moment w 4 fVZ Qk k13]. lb ft

and ase ralingiftUms arw deftned in Appendix I and Figs. I and 1.

Wilk toustavA zaam. Inertia, and speed, Zqs. (1) and (Z) result in the flwZ

+ 0

Thb s ad form M ZN~it 4 -ZL uj ~ the solution awhick
Is

C11 MXA C?,' nrc valnated raminniti~lal Litians.

cut~ With a1S curvent conditionso, but no angular velocity at

*(to,0) - CO

*(t-o0) - 0

Therefore. ~ ap0 A~' a*m.4-, A

a II
Omrm Le" HehmsNw T6vk3 D~vew Publications, Inc. 1945,I
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and C1NhXL

C_

w he r. -S - t wn ;* I

S-.. 
+ -,,

iI mV $

C3 is•theteady state angle cattack.

* WC~ Ue afit l, 0) i not sera, as for the cas" of a mmnewveingImeinf suauie or-,when til-*Of to present,

* (two) a;

'it .o )

Therefore. -~ (1i4h. A A

UCE

Pg I



. 0

Z- A

, 0l
"Cal- *0 + I;

~~TI" "*' 'V"O 'A flight oat 4=g10. Y. Obtained Oran Integra-.

b9q(1) b, frcase I,

4- (AlC 3 +As)tJ .4 LAZ) Cj I A)

" ft

.4k lbrg so=t'.th

ang ~ . F o m his pr. si.~ I cj be a m hat the dlOw nw a r 4 cur vature a( th eflight Path, vhich repreuset traJebtOrY dioP-off, d*eoteAas with increasoduat.booyoancy A"dMraeae~ saeageatc Timo, low dftSjty Vehicleit eaf"U"ly 'Ow SUUti stabIlIty will oxhiht the flattetvertIC&I ajoctories@Xpw*4*rsxiuas Co a"d CZ' are the P~A1*Z 58t~se sham In the iran.-
Sien foranoeof ttftk.
forCasolUwh *4tumO?'o tbeyvalues of Clf and Cal wlUwe.fet *the initilComdmitCl iof ~t O) m* in -accordance with Ahe earler dig-"Canio afte.ernim; the twsa"ILi in angle of &tuack.
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SECRET ;

LATERAL TRAJECTORY

The lateal eqcuatis of mAit•e am- similarLy be set up in terms C-the dia*
gram of Fig. Z. In this case, the spae reference ads from whichf and,.d
axe measu ed ts cauvemuiety taken as the Velocity vector at the launcher at
the instaAt cl ismuchisq. The aW nate vpations for small-yaw are then
as foilowas

mv#- Kjis + Ktv to ... . .. . .. ... (3)

I + * (4) 4 Ib i - i 41
4 *

where- eva .,

4 -CZ =• i~

jett

ILI
4 £

j Fig* 2,
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&Aa* theteail

S(.o). m4,

iug submnariac or -ohm tipoff is: vwe.sath
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K~ i

b .

Itegraote of a%7. (3) g~s-rl for ta fb*pskage*

t+ 3  j~* Ka) Ce"*z

Kb#* * X4,4 t

it s. wor Rnisatgaaa~ttcta of*Atl It UA 49l lb'seqattas of mtaA. and; ifstats, for 1ikeN cctra p"dw.a mtto J.Ozt ba tsW
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SECRET I
ThMi results in a sinusoidal forcingAatia in t

0 angleoatyasw

-*I

C.56 sin *

an'

p(c O %RC-'

", - cI + 4C, ]

The last ter represents th steady state Value- cE 49. since a11 other term.
tiet eqd au11sIly. Tecoefciet in brackets in this steady state term
shoul be smll for ame Hpdroauct for reasonable nines of 0, since the
Vehicle is well dumped sand on is inherently large. axerm nts test
W151sim appear to bear maAtte fucdmecftely low dispersion characteristics
of te EpkdnM6e as far as *Isellnetrical, diprin*r aeud.

A rafther large, source of dispersios appears to Toe the result at randmnt dif-.
fmeses- in trust between Hydroducts turing the test run This would have
asth effect Of essentally rarytugW the eqlibrm speed from -e vehicle to the
neto Mad wVAld result mawyinyI dispentaos in the vetical direction. Some

seodRym Oet" on synnetrical dispersio might be expected fro vria,-
Mtis. Is he values af an et in the steady state dispersion, term which
welt" rel fom veriatiems iL .p brium spe.- +

rIl and ugl can be sab to consist o inhtial conditifn tems and terms
otaiiasig a wMich are lufep one smoiker. Htmec the Initial caat -
itns tezselns woud not be empected to contribute dir y to dispersion. -
fyI as pointed tt• ahov', f initial. cadtUos result -U deviations tat

might prcke changes in th characteristic -mamao of the vehicale dispersi•ns
f."

Irea nm•+• ik os wotl Ibbo tolescm 4-wl hadin amg ay •I -b lowd 0Lpeo,

I ,,a u lne i .• •. .Idmlda • [I

SECME
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ete

With these values the dauzplng ratio. s awpproximately- 1. 1 and the
) mdmped natural frequency. io,. is approwumAely S -cycles per sec4•A.
"The rooks s t.e charactrtslc equation are i ) m -93 sad A3 a -249. The
stady state angle of attack. C;, is appoxinmaWy .0004? radians. In t.e-
bumsed Conditn (IS seconds) at the speed ad 150 feet per second, "

W al 13 lhb O 30cps

ab76asluges 1  -39

I a 1Z.9 slug - X-- -376

144 C5 -. 00056madins

At a apeedoffl o 0 pfe•ep•secon (d as 300 At)9.

4 X- -.6,0 00 A 31 = -93.300nbft

At w -1* 10 11" sete = -Zo-8 Ibft seac

In Urns bunemd edition6 .

Intb La1.Z U- ) -ST

tol-cps A -223

C; a.0018 .adiaaa

P -

ta

Pa;. 8B.oC 94 -
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ASSOXIMATZ TRAS*TOTca A~TIMS*

With h asomp~ito cc avery nasA trajectory, im eqmmmia -a4wiottm in th
vetiMpbaou haow be" devehoped to Refmoenes 4 and 4 loft camwonfte w.-w

pvro.Ies for th etic.1 trajectory vt the kimt-

where0 81)W + 44i& k

44

These. Items, and hence vA. wil axy with h weg as foa4 is burned.
Wilk a burmal" rate of about S. 5 poonds por stcand,, whichs corresponds Wo a
WW buI b m of obd-8scns wvesitfor S eat~s

-" - 09t 00133

'PY.

wh"anl, - elva=*I Q*ag atS U-*fga

Pogo* -

N ~<



4d

The value of V is a funcian of 4epit an-*s* of my.. decolmnflca twhch
takes Place afea lawwbhfgt Rme., a etewioo Iategnttcc is required in
"stahlehiag fn. tnojeckTn.

Pas*



Thie m. sm owdmat. for". vqaowaLO directtcc of the lsfljs ci Fig. I

IstI

TAe variKaft ct&anst saxd igwilh speed for the Efldroduct-s illustrate IM- 4
Fig. 3 am pog. 13. This figure tadtcates tat thrust varies SiWfliumately as
owe speed* asSdra 4"-ares argensmatey as the square td th@ speed at =W

gives delft.- Drag &,re to sag!. of-attack and other higher order @Sfects am
arOgadmt inw apouse f rm pss 4sw eaoeo asf =b

Te.. Are constat &t sany flzS&ette* When itegrated,- this eq~spataoc gins.

rt finS! speed

A~lS feeUt ddote !t-WS5.0 a l 4.n 3 UWag these veines,
GreuinatIV si*t seecids are required t* decelerate froman aIitial rela-
the speed at 1inuiag of 970 1et per second to Its euUlbrin apse" for tAt
depth 3M I feet per seamS. Dseerafle So;an feet per aseon at 40 feel
4epF& requires &banist tar m~ sed Tee samte values hold also LI the case

l'er9l at 94 -



APPWDIX Vt.

gatty crw'te ampdrcmSA at the instant the nn~uimn4mdtAaet- paosse.h
Up afte bumeloher, cam be writtent

vbhew R- - hxacker reaction

uga a upsetting utmowst k - pzloskh
w- Inital Angle of elevstice of the launcher
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WitYhM asumptions that (1) the rea or th. vehicle is supported to move 8
alosg th. axis of the mmatter, (a) the y-cooardiate of the point e support
does not chuge (rigid launcher), and (3) no support is provided by th, lip
of the lAuncher on". the maxiumm diameter o a. Nydroduct passes it, the (±)
Conditios of coestratit becomes

V z' -It*1D

With these condities and assumptions, the seyzUat-cea be combined to-

5tm* jIni +[Azit -az]l 4s (-W.+8JftCosPYOt hrcn-E4~ (3)

Assuming that the incremet in eagle of titack d-•velped at am oeter of
gra during launching is ein alat A a,# which is a haun. teta ofcross
steam Conditions at the laumcher.

The saettn of fIs equation is

m - ] 0

For the Hydroduc in launching condtila 44- a speed at ZSO feet per second,

01 5 -. ooozl?c1 O.O - .0P01? .t.e5 00011 ........ (4)

jai .0339 cos 0jr-.OJZ9 13 ...-.... (5

The first two terms in these equations are 4b" effects of gravity tip-off &lone.
The last term is the hydrodynamic tip-off effect. For the comdttions assumed

S3
* -' -. -- .4.-,.. .& -- i

S. ... " " : :" >. s:-" "*"- " - : "".. --. --, " . -. .• ::

-. - x-- . J -_ -r; -•-



here, the hydrodynamte #IV off effect will predomini.&. ,,.u.gles of ? I "
above about 10, and cu. *ecome quite large at high laurch.:r elevat•. v
launching- submarine speed.

In the lateral trajeceory case, all of the gravity a,-d buoyu ;,- term:
out, and only the hydrodynamnic term remains. Thur, the tip.off effea.,
launching off the bow nr a moving submarine will be ,-.ore extreme thaut
Occurring in the vertical plane.

The eq-ations oa mo4ion for tip-off shown above axe written with thet
assumption that hydrodyn•smic forces and momints are iully effective,
is probably quita conservative, since blanketing effeat! of the Iaunch, "t
tend to have the effect of reducing the contribution ,'- elements insidc • • '

launcher. Actually, the forces and moments are prctably tizne-deper,:
the vehicle leaves the launcher. Since there i:i no way t•, assess theo-
at this time, they are not included in this analysis,.

Also, the conditions of constraint may be altered by launcher des n-
siderations, such as flexibility and clearances; however, again littl I icon-
about the launcher design at this time. and the conditions used in thiUL is 10-iow-,

may not be representative Of the final configuration. an!iys-,e

The increment in angle of attack induced at the ceot !-? of gravity .,-
tional velocities developed during tip-off is approxivza:alv -_e2/V. "r~ a-
lecting this Increment during tipfo•ff introduces errors oýthe order ot. ?ieg-
10% in * and 6 which, in view Of the other assumr ion.-- and aptrý! about

tions used. are for all practical Punposes negligible. The actual incr xinia
in angle of attack should be included In the initcal angl.: ol attack for t_'tmen'

sient period following tip-off. _0- tran-

A more exact solution could be obtained by a step--by-st&? integr t.f=!?•
Eq. (3) over short time intervals during the tip-off. .4

I ,
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